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** From the time when the ooutant lubordinatioii of the imagination to obser- 
ration was unanimously recognised as the pximaiy fundamental condition <tf all 
healthy <fci^tii|e^pjbcii|atioi>, a^rlc^oos interpretadon has eftem led(oj|iudi abuse 
of this great logical principle, causing real science to degenerate into a kind of sterile 
ntmmtiatati §t inMherest faetSf the oailf eisentU meiltof vhtelvMuidilwtrte tint 
ofjpaf|^e«actitu49. 1% is impor^nt therefore fully to imdersts^d.that the true 
positive spirit is (in reality) not less removed from empiricism than from mysticism. 
Between these two aberrations, equally fatal, we must always hold our couzse* * *. 
The laws of phsenomena really constitute science, to which facts, properly so-called, 
however exact and numerous they be, ever furnish but the indispensable materials 
* * *. The true positive spirit consists especially in seeing that we tdaj foreseey stu- 
dying what iSf thftj^ we miqr conclude what wUl be^ aeowNling to the general dogma 
<tf the invariability <tf natural laws *.' * 

* Aug. Compte, Disoours sur PEsprit Positif. 
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INTRODUCTION. 



At the outset of a work on Physiological Botany, it might 
naturally be expected that a definition of a Plant wpuld be 
given. An absolute definition however is impossible in the 
present condition of our knowledge of organized nature ; in 
f9C%, some philosophers have even denied the possibility 
of defining the limits between the organic and inorganic 
woxld — ^between a crystal and a cell. Without admitting 
the validity of this view, which, although plausible in theo- 
retical expositions, is practically negatived by very slight in- 
vestigation, it must be allowed that the axiom " Natura non 
facit saltus" holds good so far as relates to the organic cre- 
ation ; the Animal and the Vegetable Kingdoms, so distinct 
and opposite, both in appearance and function, when taken 
in their entirety, approach gradually by their lower tribes, 
until at the extreme point they meet in a simple cell, which 
stands as it were an the limit. Here all our means of dia- 
gnosis fail us ; we cannot assign Ms as a subject to either, 
exclusively, since it possesses characters in common with 
both : the power of motion we had hitherto regarded as 
exclusively belonging to animals ; the nutrition by absorp- 
tion through an external membrane, so remarkably distinc- 
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tive of plants. We must be content then to take general 
characters instead of a definition — characters founded on 
whole kingdoms instead of on individuals, and thus to conae 
to an appreciation of the important relation they bear to 
each other. 

The chief differential chemical characters may be stated 
thus : — 

Animal structures are generally quaternary compounds, 
consisting of carbon, oxygen, hydrogen and nitrogen ; they 
consume oxygen and exhaletcarbonic acid, are resolved into 
carbon and ammonia when burned, and restore the elements 
to the air or earth by transforming organic substances into 
mineral. 

Permanent Vegetable structures are generally ternary 
compounds, consisting of carbon, oxygen and hydrogen ; 
they give off oxygen and fix carbon, are resolved into carbon 
and acetic acid when burned, and derive their elements 
from the air or earth, transforming mineral substances into 
organic. 

The general differential vital characters are: — Animals 
possess the faculty of nutrition, which takes place by ab- 
sorption through a membrane lining a stomach or cavity 
open to the external medium; they have sensation and 
voluntary motion. 

Vegetables possess the faculty of nutrition, which takes 
place by absorption through a memhrBne surrounding an 
internal cavity, which is a closed sac ; they do not possess 
sensation or voluntary motion. 

These characters, sufficiently precise for our purposes, 
are open to many objections, as will be seen when we come 



INTRODUCTION. 5 

to speak of certain organs, which undoubtedly belong to 
true vegetables ; but they are the best which circumstances 
will allow of; and the difficulties of the subject, as here in- 
dicated, will sufficiently account for the absence of specu- 
lative views when treating of those structures in plants 
which have been invested with so many fanciful analogies. 

The morphological doctrines, for the origin of which we 
are indebted to the " many-sided" mind of Goethe, have 
had more influence perhaps than any other theory ever 
propounded in Phytological science, in consolidating and 
simplifying our notions of vegetable structures. The con- 
ception of the transformation of an ideal leaf as a tjrpe (for 
it must not be understood that the organs are actually leaves 
altered) into all the varied forms of stamens, carpels, &c., 
gives us a clue which guides us through the most compli- 
cated assemblages of organs, and enables us to detect ana- 
logies under the most dissimilar appearances, while it offers 
a ready explanation of the frequent and otherwise unac- 
countable irregularities and diversities in the complete or- 
gans which give their peculiarities to many tribes of plants, 
and bring them into relation with the universal laws of 
development. They are kept strongly in view in the fol- 
lowing pages, and are extended also, in accordance with 
the views of the most distinguished physiologists, to the 
cell and its combinations. 

The unity of the subject will be still further perceived 
from the introductory notices on the chemistry of vegeta- 
tion, which show what slight modifications the various 
proximate elements are of each other, and how easily they 
may be mutually convertible. 
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Analysis is for the observer, synthesis for the teacher ; 
and it is hoped that the adoption of the synthetic mode in 
its most rigorous form in the following pages will enable 
the student to comprehend clearly the nature of the struc- 
ture of plants and the relations and functionfi of their differ- 
ent parts, at least so far as our knowledge at present admits : 
there are many points on which much observation has 
yet to be bestowed ; much that we are really altogether 
ignorant of ; more of which our knowledge is negative. In 
such cases it is better to state clearly and decidedly tiie fact 
of our ignorance, than to give mere hypothesis ; and this 
will serve to explain what might otherwise appear to be 
meagre information on doubtful points. 
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Chap. I. CHEMICAL COMPOSITION OF VEGETABLES. 
Sect. I. IiroROANic Constitubnts. 

1 . Carbon (C) is the most abundant and important element of 
plants. It forms the hard parts, and enters so extensively into the 
most delicate stnictores, diat these remain visible when almost 
every other substance has been removed by charring or similar 
processes. When plants have become converted into coal natu- 
rally, they retain their organic form so perfectly that the ultimate 
tissues may be discovered by the microscope. Carbon however 
is never found free in plants. 

2. Hydrogen (H) and Oxygen (0) are the next in importance, 
and in the more essential organic elements are frequently found 
in the proportions which form water. Free oxygen is ^ven off 
by plants. So also is hydrogen, it is said, from Fungi decom> 
posing in water. 

3. Nitrogen (N) is found combined with the preceding in some 
most important substances. The statement that it occurs free in 
Fungi does not rest on satisfactory evidence. 

4. Chlorine (CI), Iodine (I), and Bromine (Br), combined in 
various salts. 

5. Sulphur (S) and Phosphonu (P), in combination as sulphu- 
ric and phosphoric acids ; with proteine, as constituent elements 
of albumen, caseine, &c. 

6. Silicon (Si), as silica, especially in the Grasses, Equiseta, &c. 

7. The other elements which have been indicated are, various 
metallic bases, found principally as oxides combined with inor- 
ganic or organic acids : viz. Potassium <K) ; Sodium (Na) ; 
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Caldum (Ca) ; Magnesium (Mg) ; Aluminium (Al) ; Iron (Fe) ; 
Manganese (Mn) ; and Copper (Cu). All but the last two are 
common ; copper, as far as we know, is rare. 

Binary Compounds. — ^The most important are, — 

8. Oxygen compounds. — Water (HO), by far the most essential. 
Ceratophyllum demersum consists of water *90, solid matter *10. 
Carbonic acid, CO'*, forms with water the chief nutriment of 
plants. It is given off free by plants in the dark ; also by ripen- 
ing fruits, &c. by daylight. The absorption of carbonic acid and 
its decomposition by the liberation of oxygen, is one of the most 
important offices of plants in the economy of nature. Oxalic 
acid, C? C, HO, probably present in all plants, occurs free in 
many succulent kinds, as Ficoidee, Cacteee, &c. 

9* Hydrogen compounds. — ^The most important is ammonia, 
NH'. This appears to be the source of nitrogen in plants, which 
derive it both from the air and from its salts in solution in the 
water about their roots. Free ammonia is given off occasionally, 
ex. gr. from the sap of the birch and the vine in spring, and from 
some plants rendered unnaturally succulent by cultivation, as 
beet- root. 

Hydrogen combines as acid with chlorine (hydrochloric), iodine 
(hydriodic), bromine (hydrobromic), and yields these to metallic 
bases ; chlorides, &c. being formed. 

10. Salts. — ^These are found either dissolved in the juices or 
crystallized; most abundantly in green parts where the vital 
activity is greatest (as in the leaves), and sparingly in the wood. 
A certain amount of them appears essential to the growth of the 
plant, a circumstance which has attracted a great deal of atten- 
tion from agricultural chemists. It is probable that most of the 
carbonates found in the ashes of plants are formed from com- 
pounds of organic acids during incineration. 

The most important salts are the alkalies combined with vege- 
table acids, v^th chlorine, bromine and iodine, perhaps with sul- 
phuric and phosphoric acids ; as has been said, it is a question if 
carbonates of the alkalies occur in living plants ; next, the earths 
with vegetable acids, especially oxalic, with carbonic, sulphuric 

* The numbers affixed to the chemical symbols signify the number 
of atoms or equivalents of the elements contained in a compound* 
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and phosphoric acids ; lastly, the metals, in, as yet, undetermined 
combinations. 

11. Almost all plants contain — 

1. Acetate and malate of lime in solution in their juices. 

2. Citrate and tartrate of lime, either as acid or neutral salts. 

3. Oxalate of lime, crystallized. This occurs in various 
forms (IV. figs. / & 8) ; the delicate crystals have been 
called raphides, and lie in bundles of from two or three to 
several hundred in a cell. 

Carbonate of lime and sulphate of lime are also found as 
crystals. 

Sect. II. Organic Constituents. 

1 2. The organic compounds formed by the union of the four 
principal elements, carbon, oxygen, hydrogen and nitrogen, may 
be<divided into two classes : viz. 1. Those which appear essential 
to vegetable life even in its simplest forms, these compounds 
varying in relative importance at different epochs and in different 
examples of organic existence. 2. Those which are not essential 
to plants in a general sense, but which give the peculiarities to 
the chemical composition of different tribes, classes, and even 
individuals. 

* Essential Organic Compounds, 

13. Protbinb Compounds. — In the interior of all cells in 
course of development, and in all those retaining the power of 
propagation, we find a mucilaginous substance, at first homo- 
geneous, but subsequently becoming somewhat granular, of vary- 
ing degrees of density, and often of a light yellow colour ; it is 
rendered wholly granular, or coagulated by alcohol, and is 
coloured dark brown by iodine. It is usually accumulated as a 
layer investing the inner surface of a delicate membrane of nearly 
identical composition, lining the walls of the cells (the primordial 
ntricle). 

This matter, which appears necessary to the simplest processes 
of vegetation, is composed of C, H, O and N, with the occasional 
(perhaps constant) addition of P or S, or both. The modifica- 
tions of this matter have received the collective name of mucilage 
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{Sehieim), but this is apt to lead to error, as they differ very 
much from gum ; the name therefore suggested by Mohl ought 
certainly to be adopted, as leading to no false chemical interpre- 
tations, but expressing the physiological value : he calls it Pro- 
toplasma. Various names have been given by chemists to the 
modifications of this protoplasma, ex. gr, albumen, gluten, glia- 
dine, gelatine (Leim), diastase, legumine, &c. 

Liebig and Mulder have divided these forms into three groups, 
— Albumen, Fibrine and Caseine (gluten is chiefly fibrine with 
modified albumen). Mulder has shown that these are all derived 
from one basis, which he calls Proteine (C** H*^ N* O**, Mulder ; 
Q4S jjae ]vj8 o", Liebig) ; and that vegetable albumen, fibrine and 
caseine have the elements C, H, N, O, nearly in the same pro- 
portions, namely those of proteine, their differences arising from 
various combinations with sulphur and phosphorus. Thus 
caseine is 10 Pr. -f 1 S ; fibrine, 10 Pr. + 1 P + 1 S ; albumen, 
10 Pr. + 1 P -I- 2 S. 

The protoplasma appears to have the power not only of be- 
coming changed into other bodies, but by contact or catalysis, as it 
is called, of altering other bodies while it remains itself unchanged. 
This will be alluded to hereafter. 

14. Cellttlosb (Woody fibre, Sclerogen). — The substance of 
which cellular membrane is composed is tough, elastic, colourless 
and transparent, insoluble in all known menstrua. It is changed 
by concentrated sulphuric acid or caustic potash into starch ; it 
expands when moist, contracts when dried ; it is permeable by 
fluids, but varies much in density, as may be seen in the differ- 
ence of consistence of different deposits of cell-membrane, bei^g 
sometimes almost gelatinous, at others very hard and very little 
affected by moisture. It often acquires a dark colour with age, 
and the internal layers in the ligneous cells of iully-formed trees 
appear to differ a little in chemical composition as well as appear- 
ance. The modification has been called lignine, and may be re- 
moved from the cellulose by nitric acid. The composition of 
cellulose is as follows : — C H O 

Cellulose from willow and box-wood ... 12 9 9 

oak -.... 36 22 22 

From various membranes (Payen) 12 10 10 



ESSENTIAL ORGANIC COMPOUNDS. 1 1 

Lignine, separated from cellulose, is said to contain C*^ H** 0*. 

15. Amtloid. — ^This has been described by Schleiden as ap- 
parently a slight modification of the last, or an intermediate state 
between cell-membrane and starch, found in the cotyledon cells 
of some plants, Schotia speciosa, Tamarindus indica, &c. It is 
cartilaginous while dry, gelatinous when moist ; soluble in boil- 
ing water, strong acids or alkalies ; insoluble in ether or alcohol. 
When moderately firm it is coloured blue by iodine, losing this 
colour and becoming yellow by soaking in water. 

16. Vegetable Jelly (Vegetable mucilage of the chemist in 
part ; Bassorine, Salep), — ^This substance is horny or cartilaginous 
when dry ; mobt, it swells up in a gelatinous manner, and be- 
comes gradually diffused throughout cold water. It is trans- 
parent, and soluble in hot and cold (?) water ; in caustic alkali 
(perhaps converted into an acid). It is not afi^ed by alcohol, 
ether, fatty or essential oils, and is not coloured by iodine. On 
one side it passes by various modifications into cellulose (ex, gr. 
the cell- walls of Fucoids) and amyloid (ex, gr, some kinds of 
homy albumen) ; on the other into amylum (ex. gr, the mucilage 
of the Orchis tubers), and often further into gum and dextrine. 
Probably pectine and its compounds are closely related here. 

17. Starch (Amylum, ^mycion).^— Starch in a dry state ap- 
pears as a white powder composed of transparent granules, 
crackling between the fingers, insoluble in cold water, alcohol, 
ether or oils ; soluble, or at least swelling up and suspended, in 
boiling water, from which on evaporation it gives a tough jelly, 
and when quite dry a transparent glassy substance, which swells 
up and yields a kind of mucilage with water. Iodine, even in 
very minute quantities, strikes a deep blue colour with this so- 
lution ; this colour is supposed to result from the extreme division 
of the iodine, and not from any chemical combination. 

C H O 
Starch consists of 12 10 10 

It appears to pass gradually into amyloid, by the starch of 
lichens, and is closely allied to cellulose, sugar, &c. By the ac- 
tion of heat and diastase, the solution of starch is converted into 
dextrine and then into sugar ; the same process occurs naturally 
in plants when the starch stored up in cotyledons, buds, tubers. 
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kc. is required for natrition. The peculiarities of the form and 
structure of the granules will be alluded to hereafter. 

18. Dextrine. — ^A soluble substance found in almost all 
parts of plants, may be obtained from starch by boiling in water 
for some time (indeed some writers assert that it is the matter 
contained in the interior of the granules), by roasting, or by the 
action of sulphuric acid or diastase, which, if continued further, 
convert it into grape-sugar. Its composition is C" H^° O^^. 

19. Gum (Arabine, Vegetable mucilage in part). — ^Very soluble 
in water, from which alcohol precipitates it. The solution, kept 
near a boiling temperature for some time with sulphuric acid, is 
converted into grape-sugar. Its composition is C" H*° O*®, the 
same as that of starch. Arabine yields ashes containing lime. 

The chief distinction between gum and dextrine is, that the 
former is not so readily changed into sugar by the action of dilute 
sulphuric acid ; moreover, gum appears as a true secretion, while 
dextrine is assimilated matter prepared for the purposes of nu- 
trition. 

20. Sugar. — Pure sugar, in a solid state, is crystallized and 
transparent, very soluble in water. There are several kinds 
capable of undergoing fermentation, ex. gr. cane-sugar, grape- 
sugar (sugar of starch, of honey), and uncrystallizable sugar. 
The sugar of mushrooms is mannite, and will not ferment. 

It is but sparingly soluble in alcohol ; not at all in ether or 
oils ; it will mix with solution of iodine. Composition of the 
principal modifications :— C H O 

Cane-sugar 12 9 9 + 2 HO. 

Grape-sugar 12 14 14 

It is found very abundantly in solution in plants, especially in 
growing parts, such as buds, germinating cotyledons, &c., in ripe 
fruits, the stems of grasses (Saccharum officinarum, &c.), and in 
fleshy roots, as the beet. It is found crystallized in rare instances, 
as in the nectary of FHtillaria imperialis. 

21. Inuline. — A substance much resembling starch, found in 
some of the Coropositse. Its composition differs from starch in 
not containing so large a proportion of the elements of water ; 
otherwise the characters are similar, except that it is coloured 
broton by iodine. 
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32. Fixed Oils and Wax. — The fixed oils sometimes take the 
place of starch in cotyledons, as in some of the Cruciferee, some 
Compositse, and many other plants. They are found in the cells 
of the fruit, the roots, and other parts. 

Wax occurs abundantly in some classes, in the leaves, the fruit, 
&c. It also forms an important part of Uie chlorophylle or green 
colouring matter. 

23. From the close resemblance of the composition of all these 
matters, it will readily be conceived how they may be mutually 
convertible. The real nature of the processes is yet unknown, 
but we know that these changes, as the passage from cellulose 
into starch, starch into dextrine, from dextrine and cane-sugar 
into grape-sugar, from grape- s agar into gum (in the fermenta- 
tion of the juice of the beet), with the exception of the first, which 
is only effected by sulphuric acid, can all be produced by the ni- 
trogenous substance, protoplasma or mucilage, out of the plant. 

We may conclude therefore that similar operations go on in 
the plants in a similar manner, and in them takes place equally 
a metamorphosis of " sugar into dextrine, dextrine into starch, 
amyloid, cellulose, mucilage ; of wax into sugar, of sugar and 
starch into wax, of starch into fixed oils, of fixed oils into sugar 
and dextrine." All these changes may take place with the mere 
taking up or separation of water and oxygen, and these in fact 
constitute the chief vital processes of the plant, as far as nutrition 
is concerned. 

** Organic substances produced during Vegetation, 

24. Chlorophylle (Fecula viridis, Chromula, Phytochlore, 
Green colouring matter). — ^This is the substance giving thepeculiar 
green colour to plants. It is of a waxy nature, soluble in alcohol 
and ether, but insoluble in water, and occurs as a fluid of a vis- 
cous nature either in an amorphous condition or enveloping 
peculiar granules. These granules are said to consist of a muci- 
laginous matter (which gives the form to the granules) and wax, 
and they have most frequently starch in their interior. They 
are exceedingly abundant in the cells of the leaves, and appear to 
have a close relation to the process of separation of oxygen by 
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the influence of light, which takes place there ; they seem also 
to be reservoirs of Dutriment, when containing starch. 

25. Colouring Matters. — ^These consist of soluble and in- 
soluble matters ; the former occur as fluids filling peculiar cells 
of plants ; the latter are generally granular and somewhat resi- 
nous, soluble in ether, &c. The red fluid colouring matters, ren- 
dered blue by alkalies, and the blue reddened by acids, all contain 
nitrogen, according to Liebig, but not as a base. 

26. Tartaric Acid, Citric Acid and Malic Acid. — ^These 
organic acids are abundant in all succulent acid fruits, and are 
closely connected with the metamorphoses of sugar and its allies. 
Their composition is — 

Tartaric acid C« H* 0^2 HO. 

Citric acid C" H* O", 3 H O. 

Malic acid C* H* 0«, 2 H O. 

Some other organic acids are also met with in peculiar plants, as 
the valerianic, meconic acids, &c. 

27> Alkaloids — Constitute a class of organic compounds 
containing nitrogen, not absolutely essential to vegetable life, but 
giving plants their most active principles in regard to oflicinal 
uses. They are found in vegetable juices, seeds and roots ; they 
act on vegetable colours like inorganic alkalies and neutralize 
acids forming salts, generally crystallizable. They usually occur 
in combination with vegetable acids, as the meconate of mor- 
phia, kinate of quinine, &c. 

28. Tannin {Tannic acid), — ^This is a very peculiar substance, 
found most abundantly in various barks, galls, &c., but is also 
present in leaves and other parts, most probably where the vege- 
tative processes are becoming less active, as it appears to be a 
product of oxidation of the tissues. Thus 2 eq. of cellulose, 
C* H*® 0^^ united to 16 of oxygen, leave, by the abstraction of 
10 of water (H*® O^^ and 6 of carbonic acid (C* O^, one equi- 
valent of tannic acid = C^^ H^ 0^ 3 H O. The chemical changes 
however are at present little understood. 

29. VisciNE (Bird-lime) and Caoutchouc — ^Are abundant 
in many plants, and possibly they may originate from altered 
cellular matter. They possess carbon in large proportion^ pure 
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caoutchouc being a hydro -carbon. Viscine is a transparent, 

glutinous matter, insoluble in water, foond in the berries of VU- 

cum album, in the fruit of some plants, and, according to Schlei- 

den, in the green twigs of Ficu$ eUutiea, A somewhat similar 

substance is secreted on the stigma of Asclepiadese, and the sta- 

roinal glands of Apocyneee. Caoutchouc appears to be nearly 

allied to viscine. It has the character of an excretion, and is 

present in the milky juices, especially of Urticese, Euphorbiacese, 

and Apocyneae, in the form of little globules suspended as in a 

kind of emulsion. 

30. Humus (Humm, Hwmic acid, Ulmine, Uhnic acid. Coal of 
humu8, &c.), — ^These (or rather this, for they appear merely to 
be different forms of decaying vegetable fibre) may be divided 
into the soluble form, humic acid ; and the insoluble, humus, or 
coal of humus. They are products of the slow decay of plants, 
absorbing oxygen from the surrounding atmosphere, and the car- 
bonic acid thus produced is the form in which they yield nutri- 
ment to living vegetation. 

31. Many of these cowpoundft are found in peculiar cells, or 
in what have been called the mllk-vessels, and are probably pro- 
duced by purely chemical action. New compounds, similating 
the alkaloids, have already been obtained by chemists artificially, 
and the progress of chemistry will doubUess hereafter explain 
much that is uncertain in regard to the processes going on in the 
tissues of plants. 
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Chap. II. ELEMENTARY STRUCTURE, 
Sect. I. The Cell as an Individual. 

32. The simplest plants with which we are acquainted consist 
of a closed sac or utricle (I. fig. 8) ; the most highly organized 
originate under a similar form, and, by the investigation of de- 
velopment, we ascertain that all vegetable structures whatsoever 
are made up of such utricles (I. figs. 1-10), variously modified 
according to the conditions under which they are produced and 
the functions to which they are destined. Here then we bave 
the fundamental organ, in a particular sense complete in itself, 
and endowed with the power of reproduction. 

A cell consists of a membranous closed vesicle, the tjrpical 
form of which is spherical, other figures being supposed to result 
from the mutual pressure exerted by a number growing in a con- 
fined space. This supposition however is only admissible in 
certain cases, as will be seen hereafter. Celb, as has already 
been stated, make up the whole vegetable structure; some of 
their modifications have been distinguished from the general mass 
of utricular tissue, under the name of vessels ; if the statements 
generally received, that vessels are formed from rows of cells by 
the absorption of their septa, be true, they must be regarded as 
compound organs, and therefore will more properly be considered 
in the next section. 

33. Development and Propagation. — ^This portion of the 
history of cells is at present in an imperfect state. All that we 
certainly know is that they increase in number, by each cell 
producing (normally) two or four new cells. The mode in which 
this is effected has been variously described by various authors. 
In order to render the explanation of the different views enter- 
tained of the formation of cells more readily intelligible, it will be 
advisable first to advert to certain bodies found in their interior. 

34. Lining the internal surface of the wall of all young ceUs is 
a layer of a more delicate nature, having all the characters of a 
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membrane. This membrane, the primordial utricle of Mohl, is 
apparently composed of mucilage (protoplasma), at first trans* 
parent and homogeneous, but afterwards granular and more or 
less opake. It is easily detached from the proper membrane of 
the cell by water or acids (I. fig. 2) ; also by tincture of iodine, 
which colours it brown and causes it to contract. Since it is 
immediately applied upon the cell-wall, it encloses all the other 
contents of the cell. 

35. Probably the next in importance of these, as ifar as deve- 
lopment is concerned, is the nucleus (I. figs. 2, 4, a) ; this is a 
small spherical or lenticular body, composed of granules of a 
mucilaginous nature, generally with a sharply defined border, 
and having in its centre a bright point (sometimes two or more), 
called the nucleolus (I. figs. 2, 3) ; this nucleolus is not always 
visible in small nuclei, and the granular structure of old ones 
often obscures it. The nucleus may be adherent to the primor- 
dial utricle (II. fig. 6), or lie in the centre of the cavity (II. 
fig. 16, a); in either case it is originally the centre of a radia- 
ting system of mucilaginous filaments extending through the cell 
(I. fig. 3), and in the latter these filaments serve to suspend 
it, and hold it in connexion with the primordial utricle. The 
absolute position of the nucleus, though regarded as important 
by several observers, cannot be of essential moment, since it often 
moves with the other contents of the cell, as may especially be 
remarked in the cells of VaUisneria (IV. fig. 12, a). The two struc- 
tures just described may be characterized as transitory, as in 
most cases they disappear soon after the commencement of the 
formation of the secondary layers on the walls of a cell ; sooner 
in woody structures than in parenchymatous, where traces of the 
primordial utricle often remain for a long time (I. fig. 7)* The 
existence of the primordial utricle in a normal condition in a cell 
generally indicates that the cell still retains the power of propa- 
gation, and it is consequently always found in cambium cells, &c. 
(I. fig. 10). 

36. Starch granules which are found in cells (II. fig. 24) may 
also be considered as transitional formations, but of a different 
class ; they are not agents of development, but means ; they are 
the accumulations of nutritious matter analogous to the fat of 
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animals ; the assimilated substances being stored up in a form 
not directly available to the production of new tissues^ the general 
economy of the plant is maintained in equilibrium. According 
to Nageli, the formation of starch takes place in Caulerpa proJi- 
fera in utricles; the granules are formed from the roucilaginous 
contents, aud are set free by the dissolution of the enclosing 
membrane (II. fig. 2). 

The researches of Karl Miiller go to prove that the starch gra- 
nules are formed out of the cytoblast, after the perfect formation 
of the cell. These points are not yet clearly made out ; but my 
own impression is, that the starch is formed in peculiar utricles, 
resulting from the division of the primordial utricle into a number 
of small vesicles, after the completion of the cell in which it is 
contained. I have found such utricles in cells where no other 
process could apparently be taking place ; the evidence however 
is not yet sufficient (I. fig. 4). 

But the granules seem also capable of another mode of in- 
crease, as indicated by Mr. £. J. Quekett, viz. multiplication by 
division. I believe I have seen this taking place in potato starch 
(I. fig. 15, h), and in the starch of the corm of Crocus aureus (I. 
fig. 16, c). 

The granules vary much in size ; the larger ones usually pre- 
sent a number of concentric striae around a point {hiluM, nucleus) 
situated towards one end of the granule. The real structure of 
starch granules is at present an unsettled question ; the two 
theories most worthy of notice are: 1. The granules are cells» 
the striae representing the layers of increment deposited on the 
inner surface of the ceil- wall, which is supposed to be of a dif- 
ferent chemical nature (containing caoutchouc); the point or dot 
then answers to the cavity or a pore leading to it. 2. The starch 
granules are solid ; the striae represent layers of increment depo- 
sited round a central nucleus. The former theory appears to me 
to come nearer the truth : we meet with gelatinous secondary 
layers in cells (as in the cotyledon of Scholia spedoaa) very 
much resembling such starch cells ; they swell up in the same 
way in dilute sulphuric acid, and are coloured blue by iodine. 
By some of the advocates of the cellular theory of starch it has 
been asserted, that the inner portions consist of dextrine ; that 
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the cause of the insolubility of starch in cold water is the outer 
layer, and when this is dissolved by acids, &c., the dextrine is 
set free. These views are at present hypothetical. 

37* Chlorophylle, the green colouring matter already alluded 
to (§ 24,), is usually found in the form of granules (I. fig. 18), 
but also occurs in an amorphous condition, as in Spirogyra (Zyg- 
nema). It has been suggested, however, that here it invests a 
spiral mucilaginous filament, invisible on account of its tenuity ; 
this opinion has arisen from the spiral band appearing to be 
channeled. 

Nageli states that the granules, like starch, originate in utri- 
cles. He says that these at first appear to contain a green fluid ; 
granules are formed in this, and when they have attained a cer- 
tain size, the utricles are dissolved and the chlorophylle granules 
set free. The formation of chlorophylle does not occur so early 
in the life of the plant as that of starch. 

My own observations lead me to believe that chlorophylle is 
nothing more than altered starch. The starch granules become 
changed on their surface, with the liberation of oxygen, by the 
action of light ; the process may extend gradually inwards until 
the starch is wholly decomposed. The mucilaginous matter (§ 24.) 
is probably dextrine, also derived from starch. In an early con- 
dition the chlorophylle granules are of a very light colour, and 
are tinged blue by tincture of iodine. 

The chlorophylle granules are either free, lying on the walls 
(I. fig. 17, a), or accumulated in heaps (I. fig. 17, b) in the centre 
of the cell (often round the nucleus), or adherent to the primor- 
dial utricle. 

38. These appear to be all the usual contents of developing 
cells. It will be seen that the relative importance of the parts 
which they are respectively supposed to play in the processes 
there occurring, has been differently estimated by different ob> 
servers. 

Of all the hypotheses that have been proposed, of the nature 
of the process of cell-formation, only three appear worthy of note, 
in the present condition of our knowledge of the facts. These 
are as follows : — 

b2 
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1 . The formation of free cells from nuclei, in the cavity of the 
parent-cell : this view was proposed by Schleiden. 

2. The formation of new cells by the division of the muci- 
laginous investment of the interior of the cell (primordial 
utricle) into two or four perfect, closed sacs, around and by 
the whole outer surface of which a new layer of membrane 
is simultaneously formed for each portion, these conatitu- 
ting the new cells. This is the theory of Nageli. 

3. The gradual division of the primordial utricle into two por- 
tions by an annular constriction and infolding, the fold grow- 
ing inward to the centre, and a layer of permanent cell- 
membrane being also deposited by each lamella of the fold, 
gradually from the circumference to the centre. This view 
was advocated by myself as the universal mode of cell-for- 
mation, in a paper read before the British Association at 
Cambridge last year, and has been more fully developed in 
a recent memoir by Mohl. 

39* 1st, Schleiden states that cells can only be produced in a 
fluid which contains sugar, dextrine, and mucilage. This takes 
place in two ways : 1. Part of the mucilage of the cell is aggre- 
gated into a more or less roundish point, the cytoblast, and con- 
verts the fluid on its surface into a gelatinous and relatively in- 
soluble substance; a closed gelatinous utricle is thus formed 
(II. figs. 3, 4, 5) ; this absorbs the external fluid and increases 
in size so that the mucilaginous body becomes free on one aide, 
on the other it adheres to the inner wall. It then either forms 
a new wall on the free side, and thus becomes enclosed in a du- 
plicature of the wall, or remains free, and then is usually dis- 
solved and absorbed (II. fig. 7)* During the gradual exten- 
sion of the utricle, the gelatine of the wall is in general converted 
into cellulose and the formation of the cell is completed. 2. The 
other mode is the second one indicated above as supported by 
Nageli, the possibility of which in some cases is admitted by 
Schleiden. 

Against the theory of free cell-formation it is urged, and it is 
a weighty objection, that the earlier processes are not proved by 
direct observation ; we cannot see them take place, and the sub- 
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sequent phsenomena do not appear to warrant the assamption 
that this is in consequence of the imperfection of our means of in- 
vestigation. A still more important one is the fact that two cells 
may be formed by the division of a parent-cell without any change 
in the position of the contents, such as bands of chlorophylle or 
the like. This is a decided proof that the two new cells did not 
originate free, of small size, and afterwards grow to fill the 
parent-cell, since in that case the contents of the parent-cell 
must have been outside them, and must necessarily have been 
dissolved, absorbed, and re-deposited internally*. 

40. 2nd, N'ageli's theory is as follows : all young cells con- 
sist of a membrane enclosing mucilaginous contents, at first homo- 
geneous, afterwards granular; they usually possess anucleus which 
may be either lateral or central, and in his opinion also consists of 
a membranous utricle enclosing mucilage, and having one or more 
denser white points (nucleoli) in its interior. A dense layer of mu- 
cilage of the cell lies as an investment all over the inner surface 
of the cell- wall, and often loses itself gradually interiorly in the 
general mucilage of the cavity ; the chlorophylle granules are 
sometimes imbedded in it. This parietal investment has the 
power of secreting gelatinous membrane on its outer surface* 
forming layers of thickening^ while in contact with the cell-wall, 
but distinct membranes if separated from it. The production of 
new cells (II. figs. 18, 19) takes place by the division of the mu- 
cilaginous sac into (normally) two or four similar sacs occupying 
the same space and position, each containing a proportion of the 
original cell-contents. A layer of membrane is simultaneously 
deposited all over the exterior of each of these, and the parent- 
cell then becomes dissolved and removed. The relation of the 
nuclei to cell-formation is not evident, but they are almost always 
visible ; even in cases where they cannot be made out, they are 
often probably concealed in the heap of granular matter usually 
present in such instances. 

To this theory I object, that there is no explanation of the 

* The apparently starch-producing utricles (I. fig. 4) alluded to 
(§ 34.) may have contributed to deceive Schleiden and his followers. 
They coald not have indicated cell-formation, from the nature of their 
position and relations. 
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mode in which the mucilaginous sac (or primordial ntricle) be- 
comes divided, and the evidence of the simultaneous deposition 
of the septa is insufficient ; this will become apparent in the con- 
sideration of the next theory. 

41 . 3rd, The formation of new ceils commences by the doubling 
inward of the primordial utricle, so as to form an annular chan- 
nel (II. 10) ; this gradually increases in depth till it divides the 
utricle into two portions, each a perfect closed sac (I. fig. 1, 
II. fig. 9); following the infolding of the primordial utricle, 
takes place a deposition of permanent cell-wall from each lamella 
(II. figs. 9-1 1> figs. 13-15); and that this takes place gradually 
is proved by the maintenance of the continuity of the cavities of 
the two utricles where the construction is imperfect, but ^here 
the deposition of the septum can distinctly be perceived at the cir- 
cumference. This is shown by Mohl in Caitf, ylomerata (£1. fig. 
12), and I have myself observed it in the hairs of the stamens 
of Tradescantia (I. fig. 2) and Conferva ^} (I. fig. 14, d). The 
layers of the septa are continuous with the layers of thickening 
in the interior of the lateral walls (II. 15, a). 

42. It is quite undeterminable at present what function the 
nucleus serves in the cell ; I believe, with Mohl, that it is inti- 
mately connected with the chemico-organic changes of the cell- 
contents, and that it is concerned in the elaboration of the mu- 
cilaginous granular matter, which has been well named by Mohl 
the protoplasma of the cell. 

43. Growth and Figure of Cells. — I have said that the 
typical form of a cell is a sphere. This is the case when they are 
perfectly free from pressure, or when nutrition goes on equally 
in the whole membrane (I. fig. 2). But from the account given 
of the process of multiplication of cells, it will be seen that they 
must be produced in various forms as segments of the figure of 
the dividing parent-cell (I. fig. 8). When free, these usually 
develope so as to acquire a spherical or elliptical form, which, by 
the reciprocal pressure of contiguous cells, is converted into a 
dodecahedron. 

The nutrition, and consequently the development of a cell, 
may be unequal in diiferent parts of its walls ; then we have 
cylindrical (I. fig. 19) or elongated fusiform cells; by pres- 
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sure these assunie the figure of a siz-sided figure (IV. fig. 8) ; 

in the former case with parallel ends, in the latter either oblique 

or pyramidal. If the unequal growth take place in more than 

two directions, we may have stellate cells (II. fig. 20). Very 

frequently the celb enlarge principally in the direction of the 

plane of one surface ; tabular cells are thus produced, having 

the upper and lower surfaces parallel, or if one grows faster than 

the other, becoming plano-convex (I. fig. 27). The sides may 

be either regular or irregular, in contact or with intercellular 

spaces ; these however are not usual in tabular cellular tissue, as 

it generally occurs where condensation and strengthening are 

necessary. 

44. The walls of a cell increase in size by intus-susception up 
to a certain period, but do not always maintain a regular thick- 
ness ; wart-like protuberances are found both on the outer (II. 
fig. 30) and inner (II. fig. 32) surfaces of the primary walls oi 
cells, and in the spores of some Confervee we have the develop- 
ment of processes resembling the cilia of animals ; sometimes 
over the whole surface (II. fig. 25, e), in other cases only at one 
particular point (II. fig. 25, a-^d). 

The primary membrane also probably increases equably in 
thickness by the deposition of new layers from the primordial 
utnde. 

45. In certain parts probably of all plants are found peculiar 
spiral filaments, having a striking resemblance to the spermatozoa 
of animals. They have been long known in those organs called 
the antheridia of Mosses, Hepatics and Characese (II. figs. 28, 
29)> and have more recently been discovered in peculiar cells on 
the germinal frond of Ferns (II. fig. 26, b, b), and ou the very 
young leaves of the buds of Phanerogamia. They are formed in 
peculiar cells, and when these are placed in water they are torn 
by^ the filament, which commences an active spiral motion 
(II. fig. 27). The signification of these organs is at present 
quite unknown ; they appear, from the researches of Nageli, to 
resemble the cell-mucilage or protoplasma in composition, and 
are developed from it. Schleiden regards them as mere mucila- 
ginous deposits, similar to those connected with the circulation 
in celb, and he contends that the movement of these bodies in 
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water is analogous to the molecular motion of small particles of 
organic and inorganic substances^ and depends on mechanical 
causes. 

46. Secondary Deposits op Cells. — ^At a certain period of 
the life of a cell its walls cease to increase in thickness by intus- 
susception, and all additions are made in the form of nevr layers 
applied to the internal surface. It is generally admitted that all 
secondary layers have a tendency to form, not a continuous mem- 
brane, but a spiral band. This formation being assumed as the 
type of all secondary deposits, we may institute a division of 
the modifications into two classes, from the consideration of a 
very important relation between the band and the cell- membrane, 
viz. when the deposition of the band commences before or qfier 
the cell has attained its full size. In the first case we have FVfrous 
cells ; in the second. Porous cells. When it continues through 
both periods we have cells of a mixed character. 
• 47. Fibrous Cells consist of cells having a fibrous spiral 
band in their interior (I. fig. 23), which, with the growth of the 
cell, frequently undergoes considerable changes of position and 
relation to the primary cell-membrane. It may be wound either 
to the right or left, the former being the most general direction ; 
there may also be two or more bands in the same cell, wound in 
the same direction (III. fig. 1). That two occur, wound in oppo- 
site directions, and thus crossing at each half-turn of the spiral, is 
improbable, and rests upon an erroneous observation of Link, 
whose own figure contradicts the description. 

Originally the turns of the spiral are in contact, and as the cell 
subsequently increases more or less in size, these turns are re- 
moved from each other proportionately. The less the cell grows, 
the more firmly the spiral band is united to the membrane. 
Sometimes the turns of the spiral grow together, producing a 
great variety of appearances, ex, gr. rings, reticulations, &c., or 
even so much as to leave only a series of narrow slits at intervals 
between them. 

The most common forms of spiral cells are — 

A. Annular cells* (III. figs. 3, 21, h), where the cell- membrane 

* In these descriptions cells and vessels are taken indiscriminatelyi 
as the latter are regarded as rows of cells. 
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grows much fieister than the fibre ; some of the turns of the latter 
remain adhering together by their edges, and become separated 
from those above and below; occasionally the rings are not 
wholly detached, the fibre is stretched so as to unite two rings, 
or a ring with several convolutions of a spiral. The fibre is here 
generally very loosely attached to the membrane, sometimes free. 

B. Spiral cells (III. figs. 2, 4), with open convolutions, unroll- 
able ; the fibre either simple or compound ; the cell increasing 
rapidly in size, and very slight or no adhesion of the fibre. 

C. Spiral cells (III. fig. 1), with close convolutions, unroll- 
able ; the membrane expanding very slightly and the fibre being 
firmly adherent, the fonner breaks when the spiral is unrolled. 
The fibre either single or compound. 

D. Reticulated, Hamified and Scdkaiform ceUs (III. figs. 5, 6, 
11-13). The membrane growing moderately. Adherence of the 
membrane and fibre, and of the convolutions of the latter with 
each by their borders at various points, particularly at the angles 
and parts opposite intercellular spaces. 

In old cells the primary membrane has become absorbed, and 
the spaces between the rings, convolutions or reticulations are 
thus converted into holes. It is probable that this does not 
take place until after all deposition has ceased, and the cells in 
such cases may be considered as dead (III. figs. 11, 12). 

The deposition of new layers does not continue very long, in 
regular spiral bands in most cases ; but occasionally, where they 
adhere firmly to the wall, they become so much thickened that 
their greatest dimension is perpendicular to the surface of the 
cell (IV. fig. 14). 

48. PoBous Cells are those in which the spiral structure is 
generally much less evident, in consequence of the more intimate 
union between the convolutions. The cell growing very little 
after the deposition of the secondary layer, this only exhibits 
narrow slits or irregular pores. Two kinds of porous cells may 
be distinguished, which appear to differ slightly in their original 
formation, viz. 

A. Cells with simple pores, the commonest form in cells and 
in those sides of vessels contiguous to cells (I. fig. 25). 

B. Cells with bordered pores, arising from the presence of a 
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lenticular cavity between two adjacent pores (most frequently 
found only between contiguous Tessels) (III. figs. 7, 14-19). 

The simple pores appear to arise merely from a slight separa- 
tion of the convolutions by extension of the outer membrane, to 
which they, for the most part, adhere firmly ; their form is very 
irregular, and also their number and distribution in the cell. 
When they have the form of slits, these usually take a spiral di- 
rection, so as to be oblique as regards the axis of the cell (III. 
fig. 16). They correspond with the pores of adjacent cells, and 
when they are slits these necessarily cross. They frequently 
differ in diameter in different parts, where, from the large amount 
of deposition, the canal has attained a considerable length, be- 
coming funnel-shaped; or even, according to a figure given by 
Schleiden, the canals may unite successively in pairs until a large 
number open into the cavity of the cell by one pore (II. fig. 34). 
Cells with bordered pores appear to be formed by the occurrence 
of bubbles of air between the cells (or vessels) at the points 
where the pores are subsequently produced ; then either the con- 
volutions of the spiral are separated by the protrusion of the wall 
by the air-bubble, or the original spiral deposit is not applied 
over the projecting portions. The former explanation seems the 
more reasonable, but the point is yet undecided. 

These bordered pores, which are most common in ligneous 
tissue, consist of an infiindibuliform canal, closed at the bottom 
by the original membrane, and abutting on the hollow space 
which separates it from the corresponding canal of another cell 
(III. figs. 8, 18). These are particularly characteristic of conife- 
rous woody tissue. Between these two forms of porous cells 
we have a third and intermediate kind, where a spiral fibre oc- 
curs in addition to regular pores (III. figs. 9» 10). It is most pro- 
bable that the fibre originates before the cell is full-grown, and 
that the deposition of new layers proceeds in the usual manner 
subsequently to that period. Sometimes the spiral fibre is not 
wound in the direction of the long axes of the slits, but vice versd. 

Although the pores usually correspond to similar pores in other 
cells or vessels, instances occur of very large pores opposite in- 
tercellular spaces, while those of the same cell corresponding to 
other cells are very small. 
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The canals of several pores may coalesce into one during the 
deposition of new layers in the interior ; and this latter process 
may continue to such an extent that the cavity of the cell is at 
last almost obliterated (III. figs. 28, 30). 

It has been already said that the portions of primary cell- 
membrane in fibrous cells free from deposits may be absorbed or 
diasolved ; the same takes place in old porous cells, which fre- 
quently communicate freely by their pores, which are open in that 
case only ; in their original condition they are always closed by 
the primary membrane, and their contents are only in relation 
by endosmosis. 

Sect. II. Cells in connexion — ^Tissues. 

49. The different modifications of the cell unite together and 
with each other to form various compound structures. The most 
abundant and widely-diffused is the form of true cellular tissue 
called 

50. Parenchyma. — Schleiden's arrangement of the different 
kinds of Parenchyma may be advantageously adopted, as at the 
same time simple and comprehensive : — 

A. Imperfect Parenchyma — where the cells are in contact 
at very few points. 

1. Round or elliptical Parenchyma, composed of spherical 
or ellipsoidal cells : very abundant in succulent plants 
(I. fig. 28). 

2. Spongiform Parenchyma — composed of cells of irregular 
outline, for instance stellate, and in contact at the ex- 
tremities of their rays or other projecting points : in 
air-passages and the lower half of the parenchyma of 
most leaves (IV. fig. 1). 

B. Perfect Parenchyma — ^where the contact between the 
cells is as perfect as possible. 

1. Regular Parenchyma, — ^The cells almost regularly poly- 
hedral, no particular dimension predominating : foimd 
especially in the pith of plants (III. fig. 24,/). 

2. Elongated Parenchyma, — Formed of elongated poly- 
hedral, cylindrical or prismatic cells : in rapidly grow- 
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ing plants in the cellular tissue of Monocotyledons 
(III. fig. 21, a). 
3. Tabular Parenchyma. — Generally composed of four- 
sided tabular cells : in external structures, such as epi- 
dermis, &c. (IV. fig. 21.) 
These examples serve to indicate the general character of 
parenchymatous tissue, but it will readily be understood that we 
may have many intermediate or aberrant forms, the enumeration 
of which would but uselessly occupy space here. 

51. Another form of cellular tissue occurs in some of the 
lower plants, which will be most conveniently alluded to here, viz. 

Interlacing or matted tissue {tela contexta), which consists of 
long thin-walled filiform cells or strings of cells inextricably en- 
tangled vnth each other. In the Fungi the cells are very delicate 
and readily deliquesce (IV. fig. 2). In the Lichens they are dry, 
tenacious, forked or branched. 

52. The Intercellular System. — This general term is 
applied to express collectively all the various kinds of intervals 
left between cells, which are seldom perfectly in contact with 
each other at all points. The following important varieties pre- 
sent themselves : — 

A. Original gaps left by the imperfect apposition of cells. 

1. Intercellular passages. — Generally triangular canals, 
running all round the angles of cells ; almost always 
present. 

2. Intercellular spaces. — Left between cells of irregular 
figure, especially in spongiform parenchyma (I. fig. 
28). 

B. Spaces making their appearance subsequently to the 
perfect formation of the cells. 

1. Reservoirs for peculiar secretions. — Produced by the 
effusion of the secretions from contiguous cells ; distin- 
guished into — 

a. Reservoirs bordered by dense and firm cells, probably 
inseparable: the turpentine canals of the bark of 
Coniferee, &c. 
5. Reservoirs bordered by delicate cells, probably sepa- 
rable, containing proper juices : the milk-vessels of 
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MammiUaria, Rhus, &c. ; the gum-canals of Cyca- 
dese ; the turpentine-canals of the wood of Conifers 
(IV. fig. 13). 

2. Air^cavUies, — Produced by destruction of parenchyma ; 
either — 

a. Air-passages, where a particular portion of the 
parenchyma of spongiform tissue becomes torn and 
absorbed ; the walls of the canals are smooth, and 
they are divided from each other by septa composed 
of a permanent layer of cells : in Canna, Nymphaa, 
&c. (IV. fig. 1.) 

b. Lacuna, where a large portion of parenchjmiatous 
tissue is destroyed by the extension of neighbouring 
parts. The walls remain rough with the remains of 
torn cells : the cavities of the stems of Grasses, Um- 
belliferae, Coropositse, &c. 

53. Intercellular Substance. — Some tissues, particularly 
in the Algae, exhibit cell-cavities separated by large deposits oi 
what has been called intercellular substance. I take Mohl's 
view of this and of cuticle also, as will be seen hereafter, and 
consider that this substance is all formed inside the cell ; the in- 
nermost layer being less dense than the remainder, simulates a 
primary membrane lying internal to the secondary layers ; the 
real primary membrane is on the exterior of all the secondary 
layers, but is often undistinguishable from them. Schleiden and 
others regard the intercellular substance as a secretion from the 
outside of the primary wall. 

54. Vessels {Fasa, Tracheie, &c.). — If the walls separating 
the cavities of a row of elongated cells become absorbed, so that 
they communicate freely, they form long tubes, which are called 
vesseb, and according to the modifications the walls of the cells 
undergo, they take the corresponding distinctive names of spiral, 
annular, reticulated (Trachenchyma) or porous (Bothrenchyma) 
vessels. The formation of vessels by the anastomosis of cells 
takes place generally at a very early period, but occasionally the 
destruction of the septum takes place at a later period, and a ring 
is then distinctly visible. The spiral vessels generally terminate 
in a point or elongated cone, but are also sometimes branched 
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and are not applied directly end to end, bat rather overlapping. 
Porous vessels are most frequently terminated by an oblique flat 
septum, applied directly to the reversely-facing septum of the 
vessel above, and communicate in old vessels, through the ab- 
sorption of the membrane between the secondary deposits (III. 
fig. 12). 

55. Perfect vessels generally contain air; however not only 
may fluids occur in them, but new cells. Those which have been 
stated to be formed for the storing up of starch in the autumn 
are not produced in the vessel, bat by the extension of the neigh- 
bouring cells, which make their way through the dots or slits 
and expand into an utricle in the cavity of the vessel. It is un- 
certain whether perfect constriction and division take place at 
the isthmus, Ihas allowing the cell to become free in the cavity 
(II. figs. 21-24). 

66. Vascular Bundles. — In all flowering plants and in 
the higher Cryptogamia, a certain portion of the cells acquire a 
peculiar character at an early period, becoming elongated ; the 
ends of contiguous cells being absorbed, they are converted into 
long tubes or vessels. This process takes place according to a 
definite plan, and these portions of the tissue, very distinct from 
the parenchyma, are called vascular bundles. The cells out of 
which the vessels and wood are produced difier from common 
cellular tissue, even from the period of the completion of their 
primary membrane ; they are elongated, with very delicate wails, 
and are the cells which, by propagation, increase the individual 
plant. They are called the 

Cambium Cells — and are found at the growing point, such as 
the apices of stems and branches, and the outer side of vascular 
bundles. 

The bundles of vessels are distinguishable into three classes. 

57. Simultaneous Vascular Bundles — where the whole 
of the bundle appears to be developed at the same time. They 
consist of vessels usually all of similar character, surrounded by 
delicate elongated cells resembling cambium, and these are 
bounded by a denser tissue composed of longish porous cells. 
They occur in the vascular Cryptogamia ; in the stems of Ferns 
the vessels are usually scalariform ; in Lycopodiums, spirals 
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closely wound ; and in the subterraneous stems of Equisetums^ 
annular, with the rings very closely approximated (III. figs. 22, 23). 

58. PaoGRBSsivB Vascular Bundlbs. — ^The peculiarity of 
these is, that the different parts are developed in succession, and 
they therefore consist of tissues in various stages. Externally 
are found cambiam cells, which are older towards the interior 
and pass into long cells (or as they have been erroneously called, 
fibres) and vessels. They are of two kinds : — 

69 • A. Definite Bundles — are so called because the cambium 
cells at a certain period, always within the first vegetation period 
or first year, undergo a change which renders them incapable of 
further propagation. The vessels are usually arranged in a line 
or in two lines, converging toward the interior ; externally to or 
on the two sid^s of the line are a few large porous vessels, and 
the whole are intermingled with and enclosed by a number of 
elongated thick- walled cells, which generally (not universally) 
define the limit of the bundle by the dissimilarity to the neigh- 
bouring more delicate and shorter parenchyma cells. These bun- 
dles are characteristic of the Monocotyledons (III. figs. 20, 21). 

60. B. Ind^nite Bundles-^take their name from the fact that 
the cambium cells do not cease to propagate and produce new 
tissues externally during the life of the plant, but increase the 
thickness of the bundles from within, outward indefinitely, by 
their conversion into vessels and wood -cells. These are the vas- 
cular bundles of Dicotyledons. We have here to distinguish — 

a. T%e Primary Vascular Bundle — ^in which is comprehended 
all that is produced in the first year's growth. The inner half of 
this corresponds with the complete bundles, except that the vessels 
are more abundant and less regularly arranged ; but the outer half 
is composed of cambium cells, which are not very distinct at the 
sides and front from the surrounding parenchyma (III. fig. 24). 

b. The Wood (lignum), '—The elongated cells produced from the 
cambium layer, as they increase in length alter somewhat in 
shape. The previously rounded or truncated extremities are 
extended in a conical form and insinuate themselves between the 
extremities of those lying above and below, thus producing a 
very peculiar form of tissue, which is called Prosenchyma (II. 
fig. 24). Some of these retain their elongate, slender, fusiform 
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figure, and are called ligneous cells (woody fibre of the old au- 
thors) ; others unite in perpendicular rows and are changed into 
vessels. In the Coniferse, Cycadeae, and some other plants, they 
are all developed into wood-cells of a peculiar character. The 
portion of the wood formed in the early part of the year is usually 
composed of larger, thinner- walled cells, and contains more ves- 
sels than that subsequently formed, where the vessels occur more 
sparingly and the cells are closer and with thicker walls. By an 
alternation of these processes a marked division is visible between 
the growth of subsequent years ; the concentric circles thus pro- 
duced are called the annual rings. 

61. The vascular bundles are parted by septa of cellular tissue 
growing from within toward the surface of the stem. These 
portions of the parenchyma are called 

MeduUary Rays — which may extend either from the pith to the 
bark, or both originate and terminate in the wood. 

62. It has been said that the woody tissue is formed of elon- 
gated cells with conical extremities (Prosenchyma). This must 
be accepted only as a general rule, to which many exceptions 
occur. In the Coniferse and Cycadese the wood consists wholly 
of large prosenchymatous cells with pores (III. fig. 7) ; it is 
difficult to determine whether these should be called vessels or 
not. A somewhat similar difficulty arises in the wood of Mam- 
millaria, which consists of rows of cells with large spiral fibres 
(IV. fig. 14), the cavities communicating freely. 

On the other hand, the wood is sometimes almost wholly 
composed of parenchymatous cells. In Bomhax pentandra it al- 
most wholly consists of parenchymatous cells, with isolated long 
prosenchymatous cells here and there interposed (V. fig. 9). In 
some cases the wood is composed of alternating layers of paren- 
chyma and prosenchyma, and again in Avicennia (r) of large 
porous vessels with a few porous parenchyma-cells interposed 
(V. fig. 10). 

The wood of most plants however is chiefly composed of long 
thick-walled prosenchyma, with a variable number of porous 
vessels. 

63. Tissue op the Liber. — Very long cells are met with in 
the parenchyma, most frequently just external to the cambium 
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cells, but also in the pith, the bark and projecting angles of stems. 
These are of the same form as prosenchyma, but much longer ; 
they have 4:hick walls, the deposits sometimes even obliterating 
the cavity. The layer met with at the inner border of the cells 
of the bark is called the liber (III. fig. 26) . In the Apocynese and 
Asclepiadese the liber-cells are particularly long, seldom branched, 
with thick walls, often exhibiting spiral fibres ; sometimes their 
cavity is wholly obliterated in one place, while in others it is 
expanded. They are very distinct in the latter condition and 
contain the true milky juice (V. fig. 6). 

64. Milk Vrssels (LaHc\ferou8 vessels), — Long, branched 
passages, with sometimes thin, but in older instances very thick 
walls, exhibiting lamellae, sometimes marked spirally. They 
contain the milky juices (III. fig. 25). 

Their development has not been made out, but it appears most 
probable that they are intercellular passages which become lined 
by a proper membrane. The lamellation and occasional spiral 
markings of this are the only points in which these vessels agree 
with those proved to originate from cells. 

66. Epidermal Tissue. — ^Tlie external layers of cells in the 
Fhanerogamia and higher Cryptogamia have a distinct character 
from those they envelope. Hie following are the most conve- 
nient divisions of the different modifications of these cells : — 

1. Epithelium. — ^Very delicate cells, without intercellular 
passages ; produced on the surface of internal cavities, as in 
the ovarium (IV. fig. 9) . It is subsequently developed into 

2. EpUtlema, — Compact flattened cells, not very smooth; 
no intercellular passages opening externally (IV. fig. 10). 
If in water or imder ground they remain unaltered ; other- 
wise they change into 

3. Epidermis — and its 

4. Appendicular organs. 

66, Epidermis. — ^This generally consists of flattened tabular 
cells, which in many cases becomes greatly thickened at their upper 
surface and sides. The real nature of these thickening layers is 
at present doubtful. It is frequently possible to remove the 
superficial membrane of a leaf by maceration, or even simply by 
stripping off; and as this does not always retain traces of the 

c 



34 EPIDERMIS. 

liDes of union of the subjacent cells, and moreover is affected in 
a different manner by reagents, it was imagined formerly that it 
was an independent structure, which was called the cuticle. The 
fact of its production by the walls of the epidermal cells has been 
proved, but the question remains whether it is a secretion of 
e«/ra-cellular substance on the outside of the cells, the individual 
portions formed by each cell becoming blended with those of 
surrounding cells at the time of secretion ; or, whether the caticle 
is nothing more than the internally deposited secondary layers 
of the epidermis cells ; this is the opinion entertained by Mohl 
in opposition to Schleiden, Treviranus, &c., who maintain the 
external secretion. It is a point of great difficulty to decide, but 
I believe that I have succeeded, with Mohl, in tracing the primary 
wall through the thickened cuticle to the surface (IV. Ag, 17) in 
some instances ; the primary wall undoubtedly undergoes great 
changes as it becomes further removed from the cavity of the 
cell, and not only gives a different colour with tincture of iodine, 
but becomes intimately blended with the walls of circumjacent 
cells. But the colour given by iodine indicates little more than 
comparative condenaation of structure. In stripping off the cu- 
ticle too, the epidermal cells are often deprived of their upper 
wall ; if the cuticle were secreted by the outside of the primary 
wall, the adhesion would be slight at the point of formation, and 
the extra-cellular substance would separate from the cell- wall, as 
it would be much weaker from its more recent production. When 
the secondary layers of epidermal cells are formed (and they are 
often produced to a very considerable thickness), the evaporation 
of fluids and gases from the subjacent tissue is prevented ; to 
allow of this and at the same time to regulate it, what are called 
stomata are formed. These are passages between the cells of the 
epidermis bordered by cells of a peculiar form (IV. fig. 18) ; 
there are generally two, of a semilunar form, their convexities 
directed outwards ; by contraction the semilunar form becomes 
crescentric, thus leaving an oval slit between them, and the de- 
gree to which they open is regulated by the hygroscopic state of 
the tissue. These stomata vary considerably in appearance and 
position in different plants (II. figs. 40-48) ; sometimes they are 
on a level with the epidermal cells, very frequently at the point 
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of janction of the epidermal cells with the parenchyma below, 
and in the Proteacese they are formed of three or more cells (II. 
fig. 44). They are usually at the surface and open to the inter- 
cellular passages of the parenchyma, but in some cases they are 
Bitnated on the walls of a cavity which contracts to a small 
orifice on the surface of the epidermis (II. fig. 46) ; in this case 
the regulating semilunar cells may be wholly wanting. 

The stomata are most abundant on the under surface of leaves, 
frequently wholly wanting on the upper, especially on those 
having a dense shining cuticle. The development of stomata has 
been followed out by Mohl in Hyacinthus orientalis. In the 
lower part of young leaves, between the epidermis cells, smaller 
cells may be perceived with their transverse diameter greater 
than their longitudinal. A septum is formed longitudinally ac- 
cording to the usual process of cell-multiplication, and these two 
layers subsequently separate from each other, leaving the slit or 
orifice of the stomata open (11. figs. 35-40). He considers it 
probable that Mirbel was in error in supposing the orifice to be 
produced by the absorption of a cell in Marchantia. The original 
cell might divide into four instead of two, and thus we should 
have an opening border by four cells. 

It has lately been ascertained that the cuticle penetrates the 
fltomata of many plants, and in some even sends prolongations 
into the intercellular passages between the epidermis cells and 
those of the parenchyma, but it is observed that it is wanting at 
the points of contact between the cells ; a further proof of the 
internal deposition of the cuticular layers, as secondary layers 
are not generally deposited so readily, and at all events leave 
pores at points opposite neighbouring cells, while they are always 
more marked at the angles or points opposite intercellular pas- 
fiages. 

ffl. Appendicular Organs. — Consisting of— 

1. PapilUB. — Expansion of the epidermal cells into slight 
elevations, vesicles, or even filaments (IV. fig. 4) . 

2. Hairs, formed of one or more delicate cells prolonged 
from the epidermis ; of various forms and arrangements, 
ex, gr, 

c 2 
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Simple hairs (piU nmpUcei), (IV. fig. 23). 

Branched hairs (p. ramon). 

Stellate hairs {p. gtellati), (IV. fig. 27). 

Clavate hairs (p. capitati). 

Glandular hairs (p. glandul\feri), when the upper cells 

secrete peculiar juices (IV. fig. 22). 
Scales Qepides), (V. fig. 5). 

3. Setm, formed of thick-walled persistent cells. 

4. Stings (jnli urentes), — Generally consisting of a tolerably 
dense pointed cell, terminating below in a globular ex- 
pansion secreting an irritating fluid. Here refer also 
the gum-clubs (^utnmi keulen) of Meyen, found beneath 
the epidermis of Ileus, etc. They are cavities in the 
parenchyma, from the upper part of which is suspended 
a globular mass, which in the fully developed state con- 
sists of crystals. They are apparently nothing else than 
undeveloped or metamorphosed hairs or stings, as will be 
evident from the comparison of the figures (IV. figs. 21, 
24, 26). 

5. Tkoma {acuki). — Pointed, generally conical processes 
formed of densely packed woody cells. 

6. Warts (perrucai), — Several thickened cells united in a 
hemispherical or similar form. 

68. Cork. — Beneath the epidermis of stems flat tubular cells 
are produced which break through the epidermis and form what 
is called bark, or when highly developed and elastic, cork, which 
is especially abundant in the second year of the life of stems 
(IV. figs. 5, 6). 

69- Root Membrane (velamen radicum), — In most tropical 
Orchidaceae and some Aroideae a layer is found upon the epi- 
dermis of the roots, which generally consists of cells with spiral 
fibres containing air. 
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Chap. III. GENERAL CONSIDERATIONS ON THE 
PHYSIOLOGY OF THE ELEMENTARY STRUCTURES. 

70. As it is one of tlie great characteristics of plants that they 
are closed sacs or assemblages of sacs, the property of organic 
membrane^ permeability by fluids, which produces the phseno- 
mena of endosmose and exosmose, becomes of the highest im- 
portance, since it must' be the basis of all nutrition and secretion. 
It is known that when two fluids of different density are sepa- 
rated only by animal or vegetable membrane, currents are set up 
of unequal force, the passage of the light fluid into the dense far 
exceeding in rapidity that in the opposite direction. Thus as the 
contents of plants are continually becoming inspissated by eva- 
poratioik: and the separation and evolution of gaseous matters, 
new materials are proportionately furnished by the lighter fluids 
by which their absorbing organs are surrounded. 

This endosmotic process is most beautifully exemplified in the 
nutrition of plants. According to Dutrochet, who first discovered 
it and recognized its physiological importance, the relative force 
of the currents of the following organic products and water is — 
animal albumen, 12; sugar, 11; and gum, 5*17. As animal 
albumen is very closely connected with the proteine compounds 
(§ 13.) which are found in developing cells, we see the adap- 
tation of the densities to the activity of the vital processes of the 
plants. Where development is most active, the densest fluid is 
found : starch, insoluble, is formed where the assimilated pro- 
ducts are to be stored, and as they are required for nutrition, it 
is converted successively into gum (or dextrine)* sugar and proto- 
plasma. 

71. Assimilated matter. — The only form in which inor- 
ganic substances are taken up. by plants is that of solution in 
water; even to aerial roots, many Algae and Fungi, which appear 
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to derive their nutriment from the air, the presence ot aqueous 
vapour is necessary. The matters most essential to plants are 
carbonic acid and ammonia ; between these and water a series of 
chemical changes go on in the cell by which are produced two 
classes of elements, those possessing and those devoid of nitrogen. 
The nitrogenous substance makes its appearance as a homoge- 
neous mucilage, the protoplasma ; those devoid of nitrogen are 
sugar, dextrine, starch, flee. As an example of the chemical 
changes of nutrition, we may take the formation of the plant 
called tlie mother of vinegar during the acetous fermentation of 
alcohol. This consists of utricles composed of cellulose, con- 
taining a small but apparently definite quantity of proteine. 
Assuming the presence of carbonic acid and ammonia in the 
atmosphere in contact with the alcohol, we may tabulate the 
chemical changes thus :— 

C H N O 

74 of water (H O) 74 ... 74 

94 of carbonic acid (C O*) 94 188 

2 of carbonate of ammonia (H^ N' C O^). 2 2 6 4 

From which are formed— 96 76 6 266 

1 of proteine 48 36 6 14 

4 of cellulose (C" H»» O^^ 48 40 ... 40 

212 of oxygen 212 

96 76 6 266 

And as 4 equivalents of oxygen unite with one of alcohol to form 

acetic acid, 53 equiv. of alcohol are changed into vinegar. 

72. The theory of the formation of the matters which do not 

contain nitrogen may be thus stated : — 

c H o 
12 of carbonic acid (C0«) 12 ... 24 

24 of water (H O) 24 24 

12 24 48 
By respiration are removed — 

24 of oxygen • 24 

Leaving , 12 24 24 
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Equal to 1 grape sugar + 10 water ..12 14 14 + 10 H O. 
starch, -i 

or -{ 1 cellulose, l-f- 14 water 12 10 10 + 14HO. 

dextrine, J 
cane-sugar, 
woody fibre 

or«< (box or willow), ^+ 13 water 12 9 9 + 13HO. 

i inuUne (C»* 

73. The actual nature of the processes by means of which all 
thede changes and modifications are effected is still a mystery. 
Chemists have sought to throw a light on it by analogies drawn 
from inorganic phaenomena, suchasthe action of spongy platinum 
on oxygen and hydrogen, &c., referring them to what has been 
called catalytic action, or the influence of contact substances, and 
the ''spontaneous activity" of certain bodies, such as diastase, &c., 
in changing the arrangement of the atoms or molecules. These 
speculations do not afford the slightest practical information; 
they are merely applications of new names to known processes. 
We know that sulphuric acid by the aid of heat converts starch 
into dextrine and sugar, alcohol into ether, the latter change 
being merely the abstraction of combined water. Diastase also 
converts starch into dextrine and sugar, albumen, proteine, &c. ; 
sugar into alcohol, alcohol into vinegar ; but here the changes are 
always the consequence of a vital process — of respiration — the 
fixation of carbon and hydrogen and the liberation of a propor- 
tionate amount of oxygen, which in a nascent state is peculiarly 
fitted to enter into new combinations. 

74. Light is almost alv^ys necessary to the development of 
plants; certainly to the formation of their colouring matters and 
all those constituents containing a large proportion of carbon. 
From the researches of Mr. Hunt it appears that the different 
rays of the spectrum exercise different kinds of agency on the 
vegetable economy. He found that the blue rays were most 
favourable to germination and the development of succulent 
tissue, while they evidently kept back the reproductive powers : 
yellow rays were most favourable to the formation of flowers and 
seeds. Hence it would appear that the yellow rays are most 
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concerned in the fixation of carbon : in germination there is 
usually an oxidation of stored-up carbon, of starch or fixed oils, 
while the reverse of this necessarily takes place in the matuiaticm 
of the seeds. That light is essential to the respiratory process, is 
evident from the fact that the liberation of oxygen does not go 
on during the night, but is replaced by the evolution of carbonic 
acid in small qiiintity, probably from oxidation of the tissues. 

75. Secretion in Cells. — In addition to the processes of 
assimilation above described, a number of other chemical chaxiges 
and combinations are elffected in the cells of plants. These may 
be divided into two classes, the general and specials The generai 
include the formation of chlorophylle in leaves, and of starch (or 
fixed oils), which appear to be produced in a manner analogous 
to that by which cellulose is secreted, and to result from the ex- 
cessive energy of nutritive power at certain periods exerted in 
providing stores of nutriment against other times when those 
functions are less actively performed. The green colouring 
matter of tfie chlorophylle appears to be connected with the de- 
composition of carbonic acid by the agency of light, but that is 
all we know of it. The special are those produced in particular 
plants and under peculiar circumstances, such as the formation 
of the alkaloids, &c., with the essential oils and the caoutchouc 
globules of the latex. 

Besides these, there are others which take place in consequence 
of the presence of various inorganic substances in solution in the 
water which the plants absorb. Some of these seem to be de- 
posited in the tissues by the evaporation of the water ; they are 
essential to the health of the plant (as the phosphates to the 
Cerealia), and serve in many cases to strengthen their tissues 
mechanically^ as the silica which is found in the cuticular layer 
of the Equiseta and Grasses. Others are found united to organic 
acids, such as lime with oxalic acid, which occur in large quan- 
tities in the cells of many plants. 

Other substances again appear to result from the oxidation of 
tissues, such as tannin, resin, &c. 

The actual steps of all these processes are unknown to us; in 
fact we do not yet know the real nature of the assimilated matter, 
so that we have no firm basis for reasoning on the subject. We 
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know tbat sugar, starch, cellulose, &c. consist of a definite number 
of atoms of carbon, oxygen and hydrogen, but not how they are 
arranged (for calling them "the water and carbon" explains 
nothing), ndther do we know how the first combination is pro- 
duced. 

76. Growth or Cells. — In the earliest stages the cellular 
membrane increases by intus-susception of nutriment, but also, 
and after it has attained its destined size exclusively, by the de- 
position of new layers over the whole intomal surfaces. These 
are sometimes so numerous that the cavity of the cell becomes 
almost obliterated (TIL fig. 30). These walls would seem to 
present a series of stages between a condition just removed from 
starch, taking a blue colour with iodine when a slight acid is 
applied, and that of lignine, the densest fonn of the unazotized 
ternary compound. 

77* Movement of the Cell-contents. — ^We find in the 
cells of plants apparently two forms of circulation of their fluid 
contents ; ^m recent observations however it appears probable 
that thfse may be reduced to one general plan. 

In the cells of ValiianeriaYfe observe a circulation of the chlo- 
rophylle granules and the nucleus round the walls, passing up 
one side in the dkection of the length of the cell, across and 
down on the other in a continuous stream (IV. fig. 12) : in Chora 
an oblique streak is seen in dividing the ceil longitudinaUy into 
two portions ; the stream, passes up on one side and down on 
the other (V. fig. 4). In the hairs of Phanerogamic plants, in 
spores, pollen, and probably in all. very young cells, the circu- 
lation tekes another fm-m— that of a network of anastomosing 
currents, the chief streams radiating from the nucleus (II. fig.ai2). 
In all the forms the circulating medium appears to be a mud* 
laginouB fluid (the protoplasma), which in the cases of FaUit^ 
neria and Chora is an uDJ&rm investing layer on the inner sur- 
face of the celL 

From the recent researches of Mohl, it appears probable that 
the reticular currents are produced from a homogeneous proto- 
plaama in the following manner. This substance originally fills 
the whole cell-cavity> but with the growth of the cell, hoUow 
spaces make their appearance in it resembling vesicles filled 
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with water ; these enlarge, and after having attained such a size 
that the protoplasma has acquired a honey-combed* appearance, 
they become continuous and the mucilaginous matter remains as 
a network, not only on the surface, but sending filaments across 
the cell-cavity ; these filaments sometimes become very firm, and 
are persistent on the cell-wall for some time after the circulation 
has ceased. The analogy here to the circulation of VeMisneria 
is made out by supposing the mucilage to be hollowed into one 
cavity only in the cells of that plant. 

The cause of this motion is quite unknown, but it would seem 
to have some reference to the fact of the cells living in water. In 
all cells of plants growing in air the circulation ceases at an early 
period. 

78. Motion of Cells.— -The spores of some of the lower 
Algae present some remarkable phsenomena of motion. They 
consist of cellules furnished with appendages resembling cilia 
(II. fig. 25, a-e), which enable them to swim about in water 
like animals. Thuret and Kutzing have found in these a red spot 
resembling the so-called eye of Ehrenberg'8 green monads. The 
fact of the development of these spores from undoubted plants 
like the Confervas, goes far to prove that the Diatomacese, &c., 
and even Volvox and its allies, are plants. In this case the exist- 
ence of spontaneous motion in plants would be a well-marked 
character of vegetable life ; but we are still in the dark as to the 
causes and nature of such phaenomena. 

79* Propagation of Cells. — ^When a cell has attained a 
certain stage of development, it either undergoes the process of 
division, or its independent formation is continued by extension 
and the deposition of new layers as it becomes a portion of a 
permanent structure. The manner in which cells are multiplied 
by division has been already described. When they have com- 
pleted the series of changes peculiar to the production and growth, 
they may be considered as indifierent or dead as regards the life 
of the plant. Some become filled with hard ligneous deposits, as 
in heart- wood of trees; others contain only air, as the vessels, 
pith and bark-cells, or some peculiar homogeneous secretion, such^ 
as the cells containing essential oils, resins, &c. 

* Sit venia verbo. 
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80. The so-called milk- vessels may be regarded as intercellular 
passages containing peculiar secretions not essential to the life 
of the plant. The pretended circulation of the latex was a 
groundless hypothesis^ and arose from erroneous observation. 
These intercellular passages of course anastomose ; their walls 
become thickened by the deposition of the suspended matters of 
tlie juices, and when they are cut across, the fluid through gravi- 
tation escapes freely from the open ends (IV. fig. 13). 

81. The physiological processes which take place in a cell are 
modified in a very important manner by its relations to other 
cells. When a number of them become united into a tissue, 
they will be subject in very different degrees to the agency of 
external influences. A portion of them will necessarily be in 
immediate contact with the atmosphere, and this must have a 
most material regulating power over the conditions as to moisture. 
In some instances this is prevented by the increased thickness of 
the cell- wall, in such situations as the epidermis of many leaves 
and stems (IV. fig. 17) ; but where no provision of this kind is 
present, the temperature and hygrometric state of the sur- 
rounding air will control the evaporation and the inspissation of 
the cell-contents ; the endosmotic process consequently will be 
in exact relation to it. The contact of air moreover allows of 
the absorption of gaseous matter, such as carbonic acid and am- 
monia ; also of oxygen under certain circumstances, such as the 
absence of light, the reverse of which, on the contrary, propor- 
tionately favours the activity of the respiratory process. 

While a portion of the cells are thus directly under the in- 
fluence of extemftl agents, the remainder owe their nutrition to 
the interchange. of the cell-contents, produced by the endosmose 
between contiguous cells, and by this process a certain degree of 
equality is maintained in the conditions of the cellular tissue 
throughout the whole plant. Vegetables have no peculiar vessels 
carrying nutrient fluids, but their vessels do facilitate the distri- 
bution of the water absorbed by the roots, since their open tubular 
structure is particularly favourable to capillary attraction. The 
air also obtains admission into the interior of the various organs, 
in many plants, by the stomata, and must exert a modified in« 
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fluence on the cells bordering the intercellular passages and 
lacansB (IV. fig. 1). 

82. As a general proposition, it may be stated that the ilinc- 
tions of all the individual cells of a particular tissue are alike, or 
very similar, but to this rule th^e are many eiceptions. Fre- 
quently large portions of parenchyma produce a particular sub- 
stance, while the bundles of the liber (III. fig. 26) and the milk- 
vessels contain the same matters throughout the plant. But 
we often find cells in the same parenchyma, some crowded with 
starch, others filled with an essential oil, while others again 
contain fluid colouring matters. Cells in which the depositioD 
of secondary layers has almost obliterated the cavity, are found 
in the midst of thin-walled parench3nsia. These facts indicate 
the individuality of cells, and that this is not merely a charac- 
teristic of their earlier reproductive condition, but runs through 
their whole life. 

83. In the parenchyma made up of these individual cells, the 
latter are found arranged in various degrees of regularity, con- 
taining the most diverse substances and of very variable figure. 
The most abundant products in large masses of parenchyma are 
starch, as in the tuber of the potato ; fixed oil, in cotyledons of the 
Cruciferse ; gum, in the roots of some of the Malvaceae ; a kind of 
emulsion composed of oil and albumen, in the cotyledons of the 
almond ; assimilated matter and chlorophylle, in all green leaves ; 
various coloured fluids, in petals ; and air, as in pith, &c. 

84. In some tissues cells are found, apparently separated firom 
one another by considerable spaces occupied by solid matter 
(§ 53.). Some writers (Schleiden and others) assert that this is 
a substance secreted by the outer wall of the cell. Mohl, on the 
contrary, contends that it is always within the cell, althou^ 
this is not at first apparent. The peculiar configurations found 
upon pollen granules and the spores of the Cryptogamous classes 
have been described as secretions from the outer surface, hot 
this pmnt b not well made out. The gelatinous layer also which 
invests most of the Confervas and some Ulvse is regarded by 
Schleiden as a secretion ; the same uncertainty attaches to all 
these points as to the real nature of the cuticle. My own opi- 
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nion is» that they are all deposits within the cells, whether they 
be cellulose, gelatinous matter, or silica (as in the Grasses and 
Equiaeta) . 

85. The ligneous cells of the vascular bundles, when the cavi- 
ties have become nearly obliterated by the concentric deposition 
of secondary layers, cease to carry the nutritive juices ; but as 
they are still to a certain degree within the influence of air and 
moisture, chemical changes take place within them, by which the 
peculiar products, such as tannin, extractive matter, colouring 
matter (as in the heart-wood of ebony, &c.), are most probably 
formed. 

86. The so-caUed milk-vessels (III. fig. 25, IV. fig. 13), m 
which Schultz imagined that he saw a regular circulation of 
fluid, are reservoirs of the peculiar milky juices, produced in 
great abundance in many plants. The physiology of these 
structures is however in a very imperfect state ; we have no ra- 
tional explanation of their functions. 

87. The cells of the epidermis are generally filled with a trans- 
parent» often colourless fluid ; sometimes they contain other 
matters, such as resin, &c. That portion of the wall exposed to 
the direct influence of the external air is provided with a layer of 
a substance of a waxy nature, which to a certain extent prevents 
the transpiration of gases or fluids, and often attains con- 
siderable thickness. At a subsequent period the secondary 
layers of assimilated matter are deposited (§ 66.) (IV. fig. 17), 
which form a dense envelope, only permitting the passage of the 
gases, &c. through the stomata. In Ci/cas revoluta we meet with 
a curious phsenomenon : the secondary deposits of the epidermis 
cells are furnished with pores extending from the cavity some 
distance through the substance of the cuticle. 

88. The hairs of plants sometimes present peculiar modifica- 
tions of structure. In Drosera we find a spiral fibre within the 
hair. Others are made up of several cells (IV. fig. 22) . Stings 
consist of elongated cells generally terminating in a globular 
head, and surrounded at the base by a projecting ring of the 
epidermal cells. When the head is broken off, the acrid fluid 
contents of the long cell are forced upward by the turgidity of 
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those surrounding its base. Most hairs exhibit a circulation in 
the earlier period of their existence. 

A curious occurrence has been noticed in the hairs of the 
stigma of Campanula, About the time of the fecundation these 
hairs become retracted within themselves, the upper part being 
intus^uscepted within the lower (IV. fig. 25). No satisfactory 
explanation of the mechanism of the process has been given. 
Other hairs are furnished with a viscid secretion upon their ex- 
panded apex, as in Drosera, 
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Chap. IV. THE INDIVIDUAL PLANT. 
Sect. I. Morphological Considerations. 

89. In a former chapter it was stated that certain plants con- 
sist of a simple cell, and that all plants make their first appear- 
ance ander that form ; it is only at the extreme lower limit of 
the T^etable kingdom however that they remain in such a 
simple condition. The primary cell divides, but as an evidence 
of an advanpe in the scale of organization, these cells do not 
become independent of each other ; on the contrary, remaining 
attached, they subdivide again and again, till we find individual 
plants composed of an innumerable mass of such cells. The 
plant thus begins to acquire parts or organs destined to perform 
functions distinct from each other, and subservient to the general 
nutrition and propagation of the whole. 

Looking at vegetables in their generality, we may say that a 
plant consists of three parts, the leaf, the stem, and the root ; 
although in the lower classes it is often the case that one or even 
two of these are wanting. Advancing again, as in the case of the 
cell, we find that a plant may be composed of one of these indi- 
viduals, or phytons as they have been called, producing its like, 
the progoiy immediately obtaining an independent existence; 
or the new individuab may remain attached almost to an unlimited 
extent, constituting highly compound plants, the different organs 
or phytons of which undergo very various modifications of form 
and acquire very distinct functions. Thus in a flowering plant, 
or as a stronger example in a forest tree, every leaf is to be con- 
sidered as essentially a distinct individual ; but as a member of 
a compound body, woricing for the general benefit of the whole. 
In obedience to the requirements of this, they undergo modifica- 
tions to fit them to execute distinct offices in the economy of the 
plant ; some are destined to the nutritive functions, others to the 
i^roductive ; and among these latter we find them still further 
losing their individuality, and becoming blended in all their parts 
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with their fellows, until almost all trace of their fmI 
lost. 

This ia the subatance of the doctiine of Moiphoilog^ ti»ntoit 
important generalization in the whole sciADce of Botaay« a» afford- 
ing a clear and systematic view of the vegetable kiiaf;yicim as i 
whole (in addition to the important relations, it estatiliahes with 
zoology) ; this general statement is as much as cwi be indicated 
at the present stage of the sobject, the proofs and elnoidatkxui of 
the theory being those very facts to which the greater portkn 43i 
the following pages will be devoted. 

90. The presence or absence of the middle portion oc. sttm cf 
the typical phyton characterizes the most important disJtoctioD 
in the condition of plants> and on this ground the> primary dk^ 
sions are established. . ■ , -i. 

Plants which have no axis, but consist of celliiUur ^xfucttsions, 
are called stemless plants. The filamentoos or foUaceouaoxpan* 
sion is called a ThaUu$, from whence the divisjon. has. 'received 
the name of Thallophytes. 

Plants which possess an axis or »tem iaterpoae4 ibetmcien ikhe 
leaves and roots, either simple or compoandj are callod Conno- 
phytes. 

Sect. II. Thallophytes. 

91. Although the absence of a stem or axis obaiactemta the 
Thallophytes, it by no means follows that they al^aya'^aaess 
leaves and roots. The Thallus in its various fonna itondeiipiDf 
a congeries of cells, which at one time assume thei/lbrm oC-a^^iar 
ment, combining the offices of leaves and roots* in Ahedmdiyiifa^ 
cell or cells ; at others, of a mere foliaceoiis expansion i or it oi^r 
partly consist of a foliaceous expansion, while rfikment^ are 
developed, apparently serving as roots to the other cella. . The 
various forms may be arranged under the following heads ar^ 

I. The Filamentous Thallus consists of stringy of ^ona^atod 
cells, either ajraoged as simple filaments or branched and ana- 
stomosing (V. figs. 1, 2). The examples of this are.i^resented b^ 
the Algae, especially the Confervts, The Charaoeee may perhaps 
be included : in these the Thallus is composed of a number of 
rows of cells applied together and sending off hranches. The 
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real Absence of an organ analogous to a stem is shown by the 
fact that the growth all takes place at the apex, while there is no 
iiKsrease at the opposite end ; since when a stem is present, de- 
velopmciit of new structvire takes place at botii extremities, from 
the leaf aiid from the root (V. fig. 3). 

2. The Floeeulent ThaHas is frequently very shttilar to the 
last in structure, hut the filaments are more branched and inter- 
laced ; the cells are very delicate, and from the close approxima- 
tiott of tile pHrts of th« tissue, the whole Thidlus, as seen by un- 
assisted vision, often exhibits the appearance of a woven fabric. 
It utftmtiA only in the Fungi, where it is sometimes very delicate, 
asitythtf Moulds, &c. (Hffphomycetes) (V. fig. 6) ; sometimes very 
dense) as in the- fleshy Fungi (Sarcomycetes) ; or it may resemble 
membrane, as in the gills of the Agarics {Hymenomycetes). 

-^.-iriie PilW^rulent Thallus, which is found only in the lower 
Liell#ns,' is asi assemblage of cells hardly assuming a distinct 
fomy ^ 'they art* ^tlbosely connected and have no very clearly 
defined limit (V. fig. 7). 

4/Tlfe CVusrtaceoos Thallus, also characteristic of the Lichens, 
ezhibHs tai advance in organization. It consists of a tough 
membranous expansion, composed of irregular interlaced cellular 
tissue, has a distinct border, and is often provided with filiform 
processes on the under side, which appear to have something in 
common \(itii> the roots of higher plants. 

5^ The Membninotis Thallus is made up of cells the walls of 
wfaieh' undergo Tery considerable thickening, so that under the 
mkroeeope the Thallus appears at first to consist of a homoge- 
neous memrbtfanotts substance (intercellular substance of many 
writefs); wi& little ceils scattered here and there through it (V. 
fig. 8), < The true explanation of this has been alluded to before 
i§ &3.). This form of Thallus is often developed to a very great 
size in the Algse. It occurs in some Lichens (Collema) and in 
m08t«f the Nostochineie, Florideas and Ulvacese. 

'6, The 'Ffondote ThalJns presents itself under three different 
fbnns, viz. t^s teaf-^like or Foliaceous (V. fig. 9)> the shrub-like 
ar.Fmtkniose (V. fig. 10), and the stem-like or Chordaceous. 
The first' is found in tiie Lichens, the other two both in them 
and the^Fucacdii. It is a more highly developed form of Thallus. 

d2 
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than any of the preceding, as it consists of a collection of round- 
ish ceils, united so as to fonn a cortical layer, which encloses a 
medullary portion composed of irregular, elongated and some- 
what woody cells less densely aggregated. 

The Fruticulose and Chordaceous forms apparently indicate a 
sacculate or tubular condition of the foliaceous expansion, in 
which the edges of the latter are curved up and united together, 
so that the upper surface of the frond becomes the interior. 

92. All these may be said to develope and grow in a centrifu- 
gal manner^ the ^lamentous always producing new structures at 
the apex, the other forms at. their borders ; this of course refers 
only to the vegetative growth. The Thallus being the sole organ 
of these lower plants, must necessarily also serve the offices of 
reproduction, and here the individual cells appear to have a value 
analogous to the individual phytons of higher orders, and to be 
capable of undergoing modification under peculiar circumstances 
fitting them for the performance of those functions by which the 
germs of new independent individuals are developed. The con- 
sideration of these processes must be reserved till the reproduc- 
tive organs of plants in general can be examined. 

Sect. III. CORMOPHTTES. 

93. The Cormophytes or plants possessing a stem are dbtin- 
guished from the Thallophytes by the presence of the intermediate 
portion of the phyton, which, as a centre from which development 
takes place, determines a growth in two diametrically opposite 
directions, of the leaf upward, of the root downward. But al- 
though this universal distinction into three portions is clearly to 
be made out by the comparative examination of various plants, 
the modifications of form which the central portion or stem un- 
dergoes often render it somewhat difficult to recognise its pre- 
sence or define its limits. The central portion may be either a 
mere point of departure for the two growing points, or it may be 
developed sufficiently to separate these by a considerable interval. 

The mode in which these phytons are superposed and com- 
bined in plants, causes very various relations of position between 
their component parts, the structure of the stem depending upon 
the peculiar arrangement of the vascular bundles belonging to 
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the individual phytons, and its mode of growth on the nature of 
the bundles entering into its composition. 

The Cormophytes are divided into three great classes, ac- 
cording to the condition in which the embryo or new plant is 
found at the period of its becoming independent of the parent 
plant. 

94. In the lowest class the embryo or spore appears as a 
simple cell or congeries of cells, and it is only in germination that 
this acquires the three divisions or merithalft (V. fig. 12). 
. 95. The next class has the embryo composed of a single phyton. 
In this may be recognised parts corresponding to the foHar, the 
cauline and radicle merithals ; that organ which represents the 
leaf is called the cotyledon or seed-leaf, and endos&s the cauline 
portion (V. %. 13). 

96. The third class presents us With a more complex embryo ; 
it is formed of two or more phytons cohering together, the cau- 
line portions being applied face to face (V. fig. I6,'e.' 17). 

97. These three classes have received the names respectively 
of Acotyledons, Monocotyledons and Dicotyledons,' and in addi- 
tion to the different conditions of the embryo fhey have the three 
different kinds of vascular bundles : viz. the bundles of the Acoty- 
ledons are simultaneous (§ 570 ; those of the Monocotyledons 
d^nite ($ 59.) ; of the Dicotyledons ind^nite (§ 60.). 
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Chap. V. THE AXIS AND ITS APPENDAGES. 

Sect. I. Stems. 

AcOtYLItDOl^btTS SiTEVt. 
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98. 7^ loiweiM^ fgtrip^ pf »tem found in this diviaion ia thiit of 
the JNjIo^^.^^ e^f^d X^iy^rwoxts- \^ these orders we find no vessels; 
tfaie planjts lure .wjl;i(0|lly qomposyed of cellular tissue ; the foliar part 
i^i the .pjbytqn ^ a^ mere expansipa.of this tissue^ sometii^^es 
strengthened, bjy ft^aQd^e of. ligneous cells^ which are continoqus 
with a, central a^is of a similar wood character, the cauUae ppr- 
tioq^ whil^ tl]^e, radicles are filiform elongations of the surround- 
ing pari^pchyma (V. fig^, 22* 28). . ... 

99* The Lycopodiaceae and Marsileacese present the first trace 
of vascular structure. Within the cellular envelope of the stem 
is a cellulo-vascuhur axis, consisting eithet of one nwuXian/wu* 
hun^le or of §eyeral# united by delicate parenchyma (V«fig. .29). 
The^ bundJte^ l^ave a ^ttened character and are variously qonred 
and twjs^ed.i^ thfdr course. The vessels are annnlar o^ acalEuri- 
form. , Thf growth of these stems takea place only, at the 
apex. » , . 

109. TJ^ sj^ms of Ferns exhibit a higher degree «f develop- 
ment. ,^ transverse section of the stem of an arborescf^nt Pern 
displays a mmiber of vascular bundles disposed in a circle aroiind 
a cellular ce^i;itral mass ; the whole being enclosed in a .cellular 
enve^pe* which in old stems is very dense at xX:^ ptriphei^. Qim 
figs. 31, ^2). The vascular bandies grow only at their extremities, 
following the development of the stem, which takes place at the 
cellular ^ex ; thus the diameter of these stems nevier incceasea^ 
The phytons are applied one upon another, in^uraefoUowipg a 
spiral line around the stem. Where arborescent FecTa&^bra^eS)^ 
the sum of the diameters of the branches corresponds to ^t of 
the trunk, and it is a mere division of the axis (V. fig, 32)*. 
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The ramification which is found throughout the various Aco- 
tyledonous orders is always of this character ; it never arises 
from lateral buds> but the axis bifurcates and thus becomes pos- 
sessed of two terminal buds. 

101., In all these plants the vascular system of each phyton 
(where they possess vessels) may be divided into an ascending or 
cauline, and a descending or radicle portion. These originate 
from a point in the cellular tissue of the new phyton, and the 
canline portion is formed by the devflcipfaent of rows of cells 
situated between this point and the ring of vascular bundles, into 
tviiiell itlsi'iiSsenM, ar rath^'With ^hich it V^cbmes continuous, 
white aboVe it is developed 6dt of bertftih tbWi of the cells grow- 
ing upwdrd to ibrm the petiole toid l^ftf. • Hie radicle portion 
doesi n6t api^ear'to be formed regularly; where it occurs it is 
continuous ^ith' the lower etd u( t^ecauline portion, and is 
gradutdiy" developed but of cells tying between thfe point and the 
periphery of 'l!he stem; varying miich hi the degree of obliquity 

of its course toward the surface, wheire the root is produced. 

» in ' ' 

'i ■ I /" « . 

..,,.,, , . Mo^OCOTYLEDONOUS StBMS. 

102; 'A -"transverse section of a inonocotyledonous stem pre- 
setitfe^'Hi^^ttdEi 'of ft number of definite vascular bundles scattered 
through tt pitrehchymatbus mass (V. fig. 33), the bundles being; 
more numerous toward the periphery of the stem. In a vertical 
section we see the . bundles forming arcs proceeding from the 
periphery downward to the centre, and thence outward again to 
the surface (V. fig. 34). These arcs interlace with each other 
and often take a spiral course around the axis of the stem in 
their passage from above downward. To understand the true 
relation of these bundles with each other, it will be necessary to 
examine the monocotyledonous stem in its earliest condition. 

In a germinietting monocotyledonous embryo we find the coty- 
ledon or seed-leaf enclosing the second leaf in its interior ; the 
cotyledon splits above to allow the plumule to ascend, and the 
radicle makes its way through the lower part of the cotyledon 
(V. fig. 14). The third leaf again is developed from the cel- 
lular mass in the interior of the second, but its descending por- 
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tioa do^ «Qt bunt) thixMigh as from a diwthk Tbe deacenBting 
portions of it» vascular bua^tea |ias« tbrongh the ceifaiiaur itssaoe 
of the aecoad leaf, betweea l^e vascular bundles of tke datter, 
thus becoia« externalj and reach the epideionia to pass iafco 
jradide fibres* £aeh vaacokur bundle in like fltaimeriarigiDates 
at the point where the new leaf or phytou is devdopedout of tfae 
nucleus of cellular tissue at the apes in the centre* asd is gra- 
dually elongated into an ascending portion winch passes l ipwani 
into the petiole, and into a descending portion which -pasaes 
outward and downward a little above the ascending bundle of the 
leaf below. It most not be imagined howenrer that tiiie deactmding 
fibrm break through the cellular tissue ; no interruption of con- 
tinuity takes place .within the stem ; the vascular bundle^is formed 
out of cells in the piape where it i§ tuhMquBnthf fmmdg in .conae- 
4}uence of the law of development of the plant. We> say that the 
iibres desewd, because the middle portion is that which first be- 
comes distinctly developed into a vascular structuie.: 

The ascending portion of the vascular bondk may ^paas into a 
leaf on the side of its deeurrence or at the opposite side. The 
descending portion is developed in a course of vaiiyingoUi^ttity 
toward the periphery of the stem, where it eidier break* >ii m u $i 
into a radide fibre or is lost in the cortical layer «f the sitenu 

103. This view of the development of the monoootyledonoiis 
embryo gives a key to the structure of the appeorentfy tery com- 
plicated sterna which occur in this class of plants^ In att lis 
forms, whether cylindrical, like the Palms, a flattened cone as 
in bulbous plants, or branched as in the Draciena, the strootiBT 
is essentially the same ; the modifications arising in the two first 
from peculiarities in the arrangemoit of the leaves ; in tbe last 
from the development of axillary buds and the formation of 
branches, with a corresponding increase in the ratyde or descend- 
ing system. 

104. That conical mass at the base of a bulb, whence the 
leaves constituting the tunics arise, is a monocotyledoaous stem, 
little developed (V. fig. 23). Here all the elements of this form 
of stem are to be found ; the centre exhibits the cellulur axis 
terminating above in a small and very delicate mass of ceils at 
the growing point; this body is called the phfUophor^* The 



SCOOTTLSDONOVS STBlCSj 55 

vaMuitr bundle of tlte lowest leaf or taaic of the butb originates 
in tfae'<ctiitre'Of the base, sends a deseendtttg portion downward 
into the tuost central root, and an aBoending portion outward to 
the base of the oatemost leaf. A little aboye this originates the 
second handle, liie descending portion of which necessarily crosses 
or passes beside >the ascending portion of the first bundle, and 
goes to a mora* extctnal rootlet. In tins manner proceed all 
tbO'fibrcS'Or bimdles, the descending portions of each crossing 
the ascending portions of all those beiow it, to reach a radicle 
fibre* 

196^ By ttcontinned development of a bulb* upward, withotrt 
inerease of diameter, the descending fibres terminating at the 
periphery instead of breaidng diroogh to form roots, we should 
hue a Pahu) stem (V. fig. t24) } by the growth upward exceed* 
ing the tnerease of diameter and the descending fibres passing 
d uwnwft ad when they have reached tiie periphery of the stem, we 
have the stem of JD!rac«na (V. fig. 25). The stems of Grai^ses 
are Ibnned /in the same way, but the rapid development of the 
peripherical 'portions of the stem causes a rupture of the central 
cellalar postion, and thus produces a fistnlar character. The de- 
fending fibres ateo branch and are in part directed inward, so 
as to- cioest iihe eei^al cellular portion, and by further develop- 
ment of ligneous matter become woody diaphragms (V. fig. ^6). 

IQ&. The oentrai cellular portion of a monocotyledonous stem 
eonesponds to the pith of Dicotyledons, but is not enclosed in a 
proper slieath of Tessels, and possessing no distinct i&edullary 
Tttf^ commnnieates freely with the general parenchyiHa of the 
stem by tiie spaces between the vascular bundles. There is no 
portion corresponding to the bark d Dicotyledons, but the Itgne- 
ouspeiBpherical layer, composed of the terminations of the fibres, 
maiy be considered as analogous to the Mber (V. fig. 33). 

DlCOTTLBDONOUS St£MS. 

107« The stem of a dicotyledonous embryo — that is, the organ 
fomied by the combined cauline portions of the two phytons of 
wldch* it is composed — originally consists of cellular tissue. 
Some of these cdls soon become developed into vessels and pros^ 
eik£h3rnmtoaB ligneous cells, so as to form the ind^ntte vascular 
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bandies (§ 60.) wlxich ar^ arranged ia a circle anMmd thsstaMt 
portion of the parenchyma ; tkye ring of Yeaiels is alao' aurronndtd 
by an external zone of cellalar tissue^ and the two aysteBU' of 
parenchyma, the pith and the bark, are coa&ected by radiating 
processes of cellular tissue which pass between the vaaonlai:' faun* 
dies, and are called the medullary rays (VI. fig. 1). Ia a abort 
time the iibro- vascular bundles increase very rapidly in iiropor- 
tion to the parenchyma, and the medullary rays appear Salman 
lines (VL fig. 2)» The stem then presents the foUofwtng re- 
gions : — i. In the centre the pith or medullary parenchyma (a). 
2. The fibro*vascukr circle (6). 3. The cortical parenchyma (c^. 
4. The epidermis (d). 

The stems of herbaceous plantsi living onlf one year; remilia 
in this state of development ; the proportion of the pitli and meu 
dullary rays being usually very great in relation to t^&.^bgb* 
vascular portion. 

108. The stems of Woody plants, living more tiban ose yrcar, 
undergo further changes, but in the first period they resemble 
the stems of herbaceous plants, the fibro-vaicular • portion »being 
sometimes in a larger proportion. Since the vascular bmiOlei of 
Dicotyledons are of the ind/^fkdte character, the increased tUck- 
ness of this portion of the stem arises from tber honiontei gnowth 
of the ort^taaZ bundles in the subsequent years } thismMMititates 
the most important distinguishing character .of these stiems. 

A transverse section of a yearling branch of the. Rose eaeiiibits 
the following structure : — The pith, which occupies a large pro* 
portion of the total diameter, is formed of lai;ge oelie, iooaely 
aggregated, and diminishing in size as we proceed from the <tenftie 
toward the circumference, the outermost at this period con- 
taining chlorophylle ; from these cells, which form a close; 'fine 
tissue, are continued the medullary rays, of similar structure, 
dividing the fibro-vascular ring into a number of bundies (VI. 

fig. 4). 

The bundles, presenting a wedge-like form* are composed of 
vessels and elongated prosenchymatoos ligneous cells, or as they 
have been called, woody fibres. That portion of the bondke in 
contact with the pith is composed of unroUable spiral vessels, and 
as these extend all round the pith, they are named coliecti^ely 
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tiu tmedait&ry sheath. Among the ligneous cells which consti- 
totb the greater portion of the bundles, are scattered many large 
poroiiB -vessels, distinguished by their larger orifices. 

As w«e follow thefiliro-vascalar bundles to their external border, 
we find they lose themselves in a very fine and delicate celhilar 
tissue (the cambimn layer). This is the point of separation be- 
tween the wood and the berk; and is the point where all new 
horizontal growth takes place. Exterior to the banlbium layer, 
and corresponding to the ovter border of the wedge.like bundles 
of wood, are fotind other fibrous bundles, the liber, composed of 
cells much longer and tougher than those of the wood. This 
liber is the inne/ layer of the bark ; beyond this are the layers 
of huge but- delicate cells containing chlorophylle, called the cel- 
lular cnisekipe, and the outermost brownish cubical cells of the 
subetaus layer dothed by a layer of flattened epidermis cells. 
Laticiferous vessels or canals are found frequently in the liber and 
ceUakar envelope; 

A vertical section of a stem shows that, at the apex, die fibro- 
vascolar. riag- and the Mber gradually lose themselves in cells, 
while (the cambitun layer and the medulla become continuous and 
aro edcllised m^ a layer of cellular tissue, forming part of the Cor- 
tioai. system and clothed with an epidermis (VI. fig. 3, a). 

The acdftUary parenchyma terminates below in a conical pro- 
cess enclosed in the prolongations of the lower extremftty of the 
ligneous ring, which finally loses its annular character, ahd as a 
solid cone forms the root of the plant, clothed wit^ a layer of 
ceilolar tissue of a delicate structure, continuous with the cortical 
parenchyma of t^ stem (VI. fig. 3, h). 

'109. In a stem which has accomplished a second year's 
groitfth, we find that in the situation where we found the cam- 
biBBi in the yearling stem, two new layers have been formed, cor- 
responding in structure with those layers upon which they are 
applied (VI. fig. 5). The wood or fibro- vascular ring has re- 
ceive- a la^^er of porous vessels and ligneous cells, and the bark 
an afiditional layer of the elongated cells of the liber. These two 
new cttiBcteres are separated as in the former case by a " cani- 
bitun layer" of very dedicate cells, from which another develop- 
ment' of the same khid takes place in each succeeding year. The 
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concentric layers of wood thus formed occupy nearly the whole 
diameter of the stem, the cortical layers being very thin and 
scarcely distinguishable from one another. 

no. This is what may be called the normal structure of a di- 
cotyledonous stem, but in some trees, especially natives of the 
tropics, we find great apparent departures from this type. These 
modifications of the wood and bark will be most conveniently 
treated of ujoder the heads of the different regions or structures 
into which they have been divided above. 

LiQNBOirs System. 

m. Pith. — ^The original shape of the pith, seen in a trans- 
verse section, is that of a star^ the rays formed by the medullary 
rays (VL fig. 1), but the growth of the ligneous bundles almost 
obliterates these, and the stellate figure is reduced either to a 
cijcple.or a. polygon (VI. fig. 2). Sometimes however it becomes 
square or rectangular, or it may be, triangular, and there are stems 
in w^ich the pith assumes the form of a cross. 

The 6.^^^ of the pith does not seem to have any relatioa to 
the external figure of the stem or the arrangement of the leaves ; 
in fact it if not always similar in all parts of the same stem. 

112. It appears to have a certain determinate size in all stems 
or branches* after attaining which it neither increases or dimi- 
nishes. The small size of the medullary cavity in large trunks 
hi^ led to an idea that the pith is gradually encroached ttpon 
^d finally obliterated by the development of the woody tissue ; 
bv^t this is an error arising from the small relative siz^ ; etact 
measurements have proved that it remains of that diameter "Which 
it acquires in the first year's growth. 

113. In stems, especially those of herbaceous plants under- 
going rapid and great development of the cellular axis, such as 
some of the large Umbelliferse, fibro-vascular bundles are found 
traversing the pith. Since the vessels of these are of the unreli- 
able spiral kind, the bundles would appear to be portions 6f the 
medullary sheath deviating toward the centre. Latidferous 
canals also are frequently found in the pith, and, occastonaliy, 
bundles of ligneous cells resembling those of the liber. 

114. In its earlier conditions the pith appears to possess a 
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very active vitality ; being filled with nutrient juices^ the cells 
often become thickened by the deposition of new layers in their 
interior, as is shown by the existence of pores upon the walls. 
The seat of its functions however is continually being carried 
upward, and the cells by age thus lose their importance, contliin 
only, air, and finally the tissue is ofken broken up so as to leave 
lacuns of various sizes in its centre. This rupture of the medul- 
lary parenchyma occurs very early in plants when the piith is 
large and the growth rapid, producing fistulous stems. 

115. The Wood, — ^The fibro-vascuiar bundles constituting the 
first year's layer (§ 60.) of wood« CQUsist of a number of spiral 
vessels accumulated next the pith (the medullary sheath) and of 
ligni£ed prosenchymatous cells, among which are intermingled 
large porous vessels. The bundles of the second year originating 
frpm the cambium cells contain no unroUable spiral vessels. 
Xil.,the examination of old stems, we often find the rings of the 
successive years defined by the orifices of the large porous vessels 
vrhich are most numerous at the internal border of the annual 
layier ;, this is the case in the Oak and the Elm, &c. In the Lime, 
Hoirnjpe^^ and other trees, the large orifices are wanting, but the 
annual zone is almost wholly composed of small porous vessels ; 
a;t the external border, however, there is a layer of the ligneous 
cells forming a line of demarcation. Some woods have the 
boundary defined by a layer of cells resemblmg those of the me- 
dullary rays, and this layer of parenchyma occasionally acquires 
greater thickness, as in the Sumach, where the several concentric 
lamellse are composed of large cells, coloured like the pith. Hie 
wood of the Coniferse is wholly composed of porous cells of a 
peculiar character (III. figs. 17> 19), and the annual rings are 
marked by the difference of the thickness of the walls, resulting 
from the deposition of secondary layers. 

116. By the increase of the ligneous deposits within the cells 
of the wood, the cavities at last become almost obliterated, and 
thus the wood is rendered almost impermeable by the fiuids. 
This process takes place in the order of the age of the rings from 
the centre toward the circumference, and is very evident in those 
trees where the wood becomes dark-coloured, as in the Ebony, 
Iron-wood and similar trees, where two distinct portions may be 
perceived ; one, the external, retaining the character of young 
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tvood capable of transmitting fluids* which is of a iig^tor. oplov 
and is called the aHmmum or sai^wood ;, the other formmg the 
central portion of the trunk, dark^coloured, hard and 4ry^ which 
is called the duramen, the perfect or heart-wood. Iw tropkal 
woods, the limit between these portions is often distinctly de&aed ; 
in temperate climates the change takes place moiPegraduall^«'|uid 
in many trees the duramen remains uncoloured, as in wha^ are 
called the white woods, e, g, the WiUow« the Poplar, &c* « The 
strength and durability of the wood are generally in direct rela- 
tion to its colour, 

117. The annual rings vary rnnch in thickness in diflFerent 
kinds of trees and in different parts of one stem. The aoftest 
woods, growing most rapidly, have the broadest rings. The 
variety of the seasons in different years influences the^. relative 
amount of wood formed, and the age of the tree is another mo- 
difying cause. An old tree grows more slowly but more- i^epL- 
larly than a young one, and moreover at a certain period. of it» 
life it developes its tissues more vigorously than at any pther^s the 
Oak for instance is said to grow most between the ages of twenty 
and thirty years. External influences will cause the annual layers 
to be very much thicker in one part of the circumference, so that 
the pith becomes excentric. 

118. The repose during the winter is assumed as the eaoae of 
the defined limit of the layers in temperate climates, but.tius 
does not explain the formation of rings in tropical trees* There> 
however, the dry season accompanied by the fall of the- leirres 
offers a co)rresponding season of repose. This leads to the; idea 
that if a tree were submitted to conditions so that its veg^^tion 
should be alternately active and suspended, several zones.< might 
be formed in one year. And this docs occur among plaQta^Ceapen 
cially herbaceous) found in temperate climates. 

The absence of distinct zones is a more frequent phasname»on, 
even constant in many ligneous plants, and is evidently indepen- 
dent of climatal conditions, being characteristic of certain.specu»s, 
genera and indeed certain entire families. The CacH offer, an 
example. Single circles are met with, each the product of se- 
veral successive years. The Cycas cultivated in our conservatories 
presents us with this condition. 

1 19. Medullary Raya, — ^These are the vertical plates of cellular 
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tissue extending from the medullary to the cortical parenchyma, 
aiKl4nt^p08ed between the fibro- vascular bandies. When these 
af e -<tontiinied through the ligneous zones of all the succeeding 
ye«rs, they are called large or primary rays (VI. fig. 5) ; those 
vrhidk originate alter the first year at the margin of the cor- 
responding aaoual layer are the small or secondary rays (VI. 
fig. 6^. Ttiese are present even when the distinction of the zones 
is not evident, and thus indicate obscurely the successive nature 
of the formations. When the fibro-vascular bundles are per- 
fectly perpendicular, the cellular plates of the rays extend from 
the top of the stem to the bottom, but most frequently the par- 
tial bundles are ilexuose in their vertical course, and the medul- 
lary rays then occupy the spaces left between these deviations. 

Tbe nreduUary rays are often broader and exhibit greater evi- 
deuces of i4€ality toward the periphery of the wood where they 
unite with the cortical system. In. the alburnum they are filled, 
accG^dkig to the 6eas<m, with starch or nutritive fluid, and often 
contahi clilorophyDe. They appear therefore to be more closely 
related to tiie cortical system than to the pith. 

Cortical Ststbh. 

120. This, distinctly opposed to the ligneous in the direction 
of its developmait, is separated from the wood by the delicate 
tissue which has been called the cambium layer, and is divided 
inta three^regioDS : — 1. the Liber ; 2. the Cdlular Envelope ; and 
3. tke dubeiious Layer with its epidermis (VI. fig. 4, e,/, g). 

121. ^e Liber. — Opposite to the fibro-vascular bundles of 
the Wdod are fcmnd bundles of ligneous cells much longer and 
more sleiMler than those occurring in the wood (VI. fi]g. 4, e). 
Their walls become greatly thickened by internal deposits, and 
this tissue acquires a greater degree of tenacity than any other 
vegetable structure, thus becoming peculiarly valuable for eco- 
nomic purposes, furnishing materials for cordage, &c., while the 
toughness of the cells allows of advantage being taken of their 
delicacy) vA in the case of flax. The bundles of the liber are 
separated by medullary rays, generally continuous with those of 
the wood; but much larger and of less compact character, and 
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these two structures form together a zone, concentric with ^ht 
woody zone, called the endophlteum. 

The bundles of the liber are sometimes perpendicular, and thus 
are separated by continuous plates of tissue like the wood ; bat 
more frequently they are flexuose, and thus form a sort of net- 
work, in the interstices of which the parenchyma of the rays is 
situated (VI. fig. 7)» The layers of liber of successive yeais, 
also, are separated by zones of cellular tissue. As the stem in- 
creases in size, the interstices of the network of the liber bandies 
must become enlarged ; the rays dilate in proportion, by the mul- 
tiplication of their cells, so long as the tissue retains its vitality. 

122. The Cellulab Envelope. — ^This (VI. figs. 4,/. 5, ^),al80 
called the mesophlaum, is continuous with the parenchyma en- 
veloping the liber bundles and is distinguished from the suberoiu 
layer which surrounds it by the green colour of its polyhedral 
cells, which possess thicker walls and are more laxly aggregated, 
leaving passages and often even large spaces between them. 
Among l^e cells containing chlorophylle there often occur others 
enclosing masses of crystals. 

123. The Suberous Layer (VI. ^g. 4,g, &,h). — This region 
of the bark is so called from its extraordinary development in 
some trees, producing the substance called cork. It has also 
beei) named the epiphlaum. It is composed of one or many rows of 
cubical or oblong cells, intimately connected and with thin walls. 
They are destitute of granular contents, and at first uncoloured, 
but frequently become brown as they grow older. In some 
cases they develope no further, in others they multiply and their 
thickness increases more or less. In the Cork-tree {Querau 
suber) the cells are not all of the same form and size, but at cer- 
tain distances they are more compressed or tabular, the layer of 
tissue thus appearing to be subdivided into many secondary 
layers. In the Birch the tabular brown cells undergo greater 
development than the others, which are white and ^delicate, and 
thus they become more readily ruptured by the increasing size of 
the stem, and separate in little flakes. In the Beech the tabular 
cells alone develope. 

124. The parenchymatous system of the bark always retains 
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« veiy active Txlality mod tkutetAingly prodneed new cells, not 
merely in one situation, but in nany dimultatteocisly. Besides 
the fosmation of the annual Iay«r of the liber and the- cells enve- 
loping it>' tiie BUberons laiyer increases by the nmltiplicatton both 
of 1±Le large and of the tabular cells, and all these developments 
seem to proceed independent of one anodier. 

The relative mode of development of the different parts in- 
flaencee tlii^of the bark in general^ and the natai« of the eirternal 
layer or peridenn. 

In the c9se» above-^mentioned the suberour lay^r manifests the 
greatest increase. The liber and cellular env^lidpe' then grow 
alowly and gradually, remaining in ihe harif, the p^iid!Mn being 
formed of a tabular layer of the suberous envielope, devel6ping 
alone or growiog beneath a mass of cork, which soon dies and is 
thrown off in lafrge plates. In ofiier cases the siiberous envelope 
madtrgoes no development, disappears vnth the epidermis (Which 
is Bl<waya soon deirtroyed)» and then tSte pei^id^nn is pfbdueed dn 
the suifaoe or in the substance of the-celhilar envdope. Thus 
in the former instance the periderm, formed upon the cellular 
envelope, as in the Plane, is pushed off by another layer de- 
veloped beneath it, and is detached in plates. Otherwise, the 
Periderm developed more interiorly pushes outward both celluUur 
and fibrons (liber) layers, which separate either in scales com- 
posed of the parendiyma and liber of several zones, which remain 
long attached together, as in the Oak, or in thin flakes, as in many 
Proteaodous trees. In the Vine and Honeysuckle each annual 
zone of liber tht^ows off that of the preceding year. In the Larch 
and tbaer common Pme, the cellular envelope developes very exten- 
sively, aasd thus forms a false cork which separates in scales. 

135, Laticiferofus canals are abundant in the inner layers of 
the bark> and as their functions are exercised peculiarly in young 
tissaes, they soon die and are pushed outward by succeeding 
developments. 

136. From the foregoing considerations it is evident that the 
jcellular system of the bark is incomparably more active than that 
of the wood, which ceases to grow, and in fact dies, after the 
complete formation of the first zone. The medullary rays there- 
fore must be regarded as belonging rather to the former than the 

IGS 
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latter, especially as they occur in greatest namber and size in tiie 
region next the bark. They appear to originate from the cam- 
bium layer. 

127- Lbnticils. — On the surface of many yoan^ barks aie 
found little spots slightly projecting ; these grow vrith the stem, 
but chiefly outward, so that they form projections always in- 
creasing in size. They are developments fiom the cellular envelope 
which push their way through the parts covering them till they 
reach the surface, where they are bounded by the suberoas tissue 
which they .have traversed. Tlie numerous lenticels keep up a 
direct relation between the interior of the bark and the air, after 
the stomates have ceased their functions through the destructioi 
of the epidermis. 

Sect. II. Thb Root. 

126. The root is that portion of a plant prolonged downward 
from the stem ; the point of junction of the two is called the 
coUum, which is regarded as the base of the root. In a sim]^ 
phyton it is the lowest of the three divisions or merithals, ao^ 
forms the radicle of the embryo. The acotyledonoua embryo 
having no distinct parts possesses no radicle (V. fig. 12, a). Id 
the monocotyledonous embryo the radicle exists as the mere ter- 
minal point of the stem (V. fig. 13, r). In the dicotyledonous 
embryo it is more developed (V. fig. 15). In plants composed 
of a collection of phytons, the radicle merithal of every phyton 
above the lowest intemode is generally modified so as to bec<»De 
part of the stem or woody axis, but in some cases it becomes 
free, and is developed in the form of aerial or adventitious roots. 
The most characteristic distinction between stems and roots is 
afforded by the structure and function of the parenchyma : in the 
stem, as we have seen, the epidermis often becomes very dense, 
and is provided with stomata or lenticels ; the medullary paren- 
chyma continually increases the size of the stem by the develop- 
ment of new phytons ; and the stem in each period of its growth 
increases in length in all the new parts simultaneously until the 
full development of that annual or periodical portion is completed. 
Stems produce leaves. 

129. Roots are covered with a very delicate epidermis or epi- 
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blema, and are devoid of stomata^ which are replaced by the 
papilliform or hair-like prolongations of the epidermal cells, fitted 
for the absorption of fluid, and which are called spongioles. 
Tliere is no medullary parenchyma (except by the occasional pro- 
longation of the lower extremity of the pith, as in the Horse- 
chestnut), and the growth takes place both in length and diameter 
by the development of annual layers of the cortical and ligneous 
portion, llie roots do not grow throughout the whole length of 
each annual production, like stems, but merely at the apex. The 
roots produce radicle fibres or fibrillie, instead of leaves. Buds 
do occur in some cases on roots, but these are analogous to the 
adventitious buds which are sometimes developed in the cortical 
parenchyma of stems, and not to those normal buds originating 
in the axils of leaves. The fibrillae of the roots wither after a 
<:ertain time, like the leaves of stems. The vessels of roots are 
analogous to those of the stem, excepting that as there is no as- 
cending portion, the unroUable spiral form is not found (at least 
only in exceptional cases which have been described by some 
authors, and these unsatisfactorily) ; the ligneous fibres are pre- 
cisely similar in structure, but more densely filled with ligneous 
deposits. 

130. The cellular system often acquires very great development. 
The cells of the roots, which are usually destined to the absorp- 
tion of fluids for the nutrition of the stem, sometimes also act 
as reservoirs for the storing of assimilated nutriment, becoming 
filled vrith various juices or large quantities of starch or inuline. 
In such cases the roots become enlarged in various situations, or 
even in all parts. The whole tap-root or axis may become en- 
larged, as in the Turnip or Carrot, or some or all of the subdi- 
visions of a compound root may expand either in one point, 
several (VI. figs. 9, 11) or (VI. figs. 8, 10) throughout. These 
enlargements are called tubers, and the roots are said -to be 
tuberous. 

ACOTYLBDONOUS RoOTS. 

131. The simplest form of the roots of this class are mei^ cel- 
lular fibrillae, which supply the young stem with nourishment. 
When this has become developed it gives origin to adventitious 

b2 
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roots ; that is, the radicle merithal of each phyton becomes fiee. 
Roots are usually produced all round if the stem be erect, or od 
the lower side if the stem be horizontal. 

In the arborescent Ferns these adventitious or free roots accu- 
mulate in such numbers that the base of the tree becomes in- 
creased in a conical form to two or three times the thickness of 
its real stem. 

The roots of these plants correspond in the nature of their 
elementary structures to the stems from which they grow ; cel- 
lular in the cellular plants, as the Mosses ; in the Lycopodiacec 
and Ferns, &c. they contain fibro- vascular bundles. These 
bundles, however, are generally central in the roots, enveloped in 
a layer of parenchyma, which, in situations .where it is in contact 
with the bundle, forms a hard brown or blackish layer. In some 
Ferns and Lycopodiacese the fibro-vascular bundles lie withia 
the external cellular portion of the stem for some distance before 
they become free in the roots. In old stems of some Lycopo- 
diacese this parenchyma is separated from the central fibro- 
vascular column, and such descending bundles are found lying 
in the interval. 

MONOCOTTLEDONOUS RoOTS. 

132. The radicle of germinating monocotyledons does not ap- 
pear as a direct continuation of the stem, but breaks through the 
radicular extremity of the embryo (V. fig. 14, r). A layer of the 
superficial cellular tissue clothes this radicle as with a sheath at 
its base. Hence the embryos of this class have been called eo- 
dorhizae, aod the sheath formed by the radicular extremity is 
termed the cohorMza, 

The roots of monocotyledons are usually compound, and the 
branches are occasionally again divided. These partial roots, 
farming together the compound, are only temporary formations ; 
if the stem is perennial they die in the order of their production, 
from the centre outward, new roots being developed in circles 
continually more external. The aerial roots commonly occurring 
in this class frequently exhibit this phenomenon. They are 
produced from various parts of the stem : in the Palms the base 
of the stem becoqaes covered by the prodaction of a large number 
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of these adventitious or free roots, giving the base a conical form ; 
in the Pandanus they are developed in a continually enlarging 
spiral, the most recently formed being the largest and arising 
high up on the stem ; the death of the lower roots and the gradual 
destruction of the base of the stem often cause these free roots to 
become finally almost the sole connexion between the stem and 
the earth. In Draceena the descending portion of the fibro- 
vascular bundles which belong to the radicle system do not 
become free and develope adventitious roots upon the stem, but 
are found as wood beneath the cortical layer, until they reach the 
base of the stem, where they are united to a certain extent by 
parenchyma, so as to present a root somewhat resembling that 
of a dicotyledonous tap-root. Cordyline australis has two such 
main divisions, called by Mirbel souches (VI. fig. 14). Here 
however the monocotyledonous structure is retained, the radicles 
are developed centrifugally, and break through the cortical par- 
enchyma, which clothes them with a coleorhiza. The flattened 
stems in the bulbs of our climates exhibit also the centrifugal 
development of radicles (VIII. fig. 18). 

133. The anatomical structure corresponds to that of the 
stems. The fibro-vascular bundles are mostly situated toward 
the exterior, and a fibrous layer is often found beneath the cortical 
parenchyma. In small rootlets the bundle is sometimes reduced 
to a single vessel surrounded by cellular tissue. A difference of 
relative position occurs between the elements of the bundles in 
roots and st6ms : the large porous vessels of the bundles are 
most external in the stem ; in the root they are the most internal 
in relation to the axis of the root. 

Dicotyledonous Roots. 

134. In this class we find the root presenting a great central 
aggregation of the descending system, corresponding and opposed 
to the stem. This kind of development of the root gives rise to 
vhat is called the caudex or tap-root, and is especially remark, 
able in trees, where its ramifications have frequently a definite 
relation to the size, number and extent of those of the stem. 
The caudex does not generally become prolonged down very far 
into the earth, but its branches acquire a great lateral develop- 



68 TBE LEAF. 

ment. Although this corresponds ia some degree to the ramifi- 
cation of certaiD sterns^ the form and size of the steins and roots 
do not bear a constant relation. Either of the two S3r8temB may 
be proportionately much more extensively developed. 

135. The structure of the root may be considered as resembllDg 
exactly that of the stem devoid of pith, and consequently without 
the unroUable spiral vessels of its sheath. This is the real struc- 
ture in most herbaceous plants, but not in all trees. The Walnut 
for instance, and the Horse-chestnut exhibit a pith highly de- 
veloped, extending to a considerable distance in the root. 

136. The growth takes place by the periodical production of 
new layers of wood and bark over the whole surfieure. The in- 
crease of length is strictly terminal,. no interstitial growth of the 
cells occurring; the ramifications are prolongations from the 
parenchyma of the cortical system, in which the fibro- vascular 
bundles are very quickly developed, and become continuous with 
those of the parent branch. 

137. It has been mentioned that adventitious buds may occur 
under peculiar circumstances upon roots, even as they do in the 
bark of the stem. Adventitious roots may also be produced from 
the stem, a striking example of this being afforded by the rooting 
of cuttings by which plants are propagated in horticulture. The 
anomalies of stems, such as the coherence of contiguous rami* 
fications into one, the formation of concentric rings of parenchyma^ 
as in certain Menispermaceae stems and some of the climbing 
woody Convolvulacese of Brazil, are frequently repeated in the 
roots. 

Sect. III. The Leaf. 
* Anatomical Structure. 

138. The leaf may be regarded as an expanded mass of the 
cellular tissue of the cortical system, through which ramify, in 
the more highly developed classes, numerous vascular bundles. 

139* Aerial Leaves. — ^The lowest form of leaf, called a frond, 
consists wholly of parenchyma ; next we find this strengthened 
by bundles of prosenchymatous cells, and enclosed in an envelope 
of peculiar epidermal cells with stomata. In the highest con- 
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ditioD, m addition to these^ they possess spiral vessels and many 
special arrangements of the cells and their interspaces^ destined 
to the formation and storing of peculiar secretions. Of this 
character are the cells and intercellular reservoirs, containing oils, 
resins, &c., the glands and milk-vessels. In their development 
leaves appear to pass through corresponding stages, as they origi- 
nate as little cellular expansions on the apex of the stem. 

Hie form of the leaf is determined hy the arrangement of the 
vascular bundles, which are in communication with those of the 
interior of the stem, and branch out in various directions ; these 
branches uniting again, form a network of a denser texture than 
the intermediate parenchyma, and are what is called the skeleton 
of the leaf. The cellular tissue consists of the epidermis, which 
forms a complete sheath to the leaf, the orifices of the stomata 
being the only means of communication between the interior of 
the leaf and the external air. The tissue filling up the interme- 
diate space, varying very much in quantity, is called the diachyma 
or mesophylium, and is composed of layers of cells filled with 
chlorophylle, which give the green colour to the leaf, and others 
often containing various secretions, as oib, starch, &c. The 
cells of these layers are usually of two kinds, the upper cylindrical 
or prismatic, the lower spherical or very irregular and thus 
leaving large interspaces between them. Large cavities of this 
kind are found corresponding to the stomata ; these commimicate 
with the various intercellular passages of the leaf, the petiole, 
and thus with those of the stem (VI. figs. 15, 16). 

The vascular system is double, consisting of an ascending and 
a descending portion ; the ascending portion, which is continuous 
with the medullary sheath, becomes continuous at the apex of 
each nerve with the descending portion, which is beneath and in 
contact with it throughout its ramifications. This descending 
portion at the base of the petiole becomes continuous with the 
bundles of the liber (VI. fig. 18). 

140. The leaves, those expansions which are generally green 
and of a flattened form, arise originally fram the apex of the 
stem or some of its subdivisions, and are afterwards situated at 
the sides ; hence the leaf and its various modifications have re- 
ceived the name of lateral organs, as distinguishing them from 
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the stem and root. The base of the leaf is that extreinitv b? 
which it is attached to the stem; the other extremity is the 
summit or point. The base is generally attenuated into the form 
of a slender stalk, which is called the petiole. In some cases the 
petiole becomes dilated at its base, so as to embrace a more or 
less considerable portion of the circumference of the stem, form- 
ing what is called a sheath or vagina ; but more commonly this 
expanded portion is partially or totally detached, and then pre- 
sents the appearance of a little leaflet of variable fonn on each 
side of the base of the petiole ; these appendices are called Hi- 
pules. 

The leaf is thus composed of three portions/ the laminar, the 
petiolar, and the vaginal, which last may exist in the form either 
of stipules or a sheath. In many cases all these parts are visible 
(VIT. fig. 24) ; in some plants the number is reduced to two or 
even one. The lamina is generally the most extensive and con- 
spicuous portion, exercising those functions of the leaf necessary 
to the life of the plant ; but the stipules are occasionally more 
developed than the limb, and replace it in these economical rela- 
tions. 

141. The two surfaces of the lamina are called the faces or 
pagirue; the borders, the margins. In most plants the leaves 
are horizontal or a little oblique, the superior face looking up- 
wards, the inferior downward or a little outward. In New Hol- 
land, according to Mr. Brown, the leaves of many of the trees 
(Myrtaceai) are situated vertically upon the stems, the faces being 
directed laterally. 

In aerial leaves the epidermis of the two faces varies consider- 
ably in appearance and structure. The upper face generally has 
a much more dense cuticular layer, and either is devoid or but 
sparingly furnished with stomates. An exception to this occurs 
in floating leaves (as in Nympfuea), where the upper face, in con- 
tact with air, is pierced with stomates ; while the lower face, 
resting on the water, has none. 

The lower face, besides its abundant stomates, is often clothed 
with hairs or scales, like the epidermis of young stems. In all 
leaves the stomates are only found in situations corresponding 
to cellular tissue, never opposite the fibro-vascular bundles. 
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142. SuBHBROED Lbavbs. — Leaves growing under water 

exhibit a very different structure from those above described. 

They have no epidermis, and consequently no stomates. The 

fibro-vascular skeleton is also wanting, the nerves consisting of 

elongated cells. The leaf is altogether composed of parench3nna ; 

the cells of which the thickness is made up being only in two or 

three rows, they are in almost immediate contact with the water ; 

they are generally regular, intimately connected and full of green 

granules. The intervals are not often elongated into passages or 

expanded into laeufue ; but very thick leaves sometimes exhibit 

lacufUB, which are then very regular, completely closed in by the 

bordering celb and do not communicate one with another (VI. 

fig. 17). The cavities appear to serve merely as air-reservoirs 

to diminish the specific gravity of the leaf. Aquatic leaves having 

no epidermis or solid skeleton quickly shrivel up when removed 

from the water. 

** Form €f Leaves, 

143. The fibro-vascular bundles of aerial and the elongated 
cells of aquatic leaves, which are generally visible externally and 
often project on the under surface, are called the nerves or veins, 
and their arrangement the nervation or venaHon, 

On this arrangement, and the degree to which the intervals 
between the nerves are filled up by parenchyma, depends the 
form of the leaf. Hie nerves remain collected together in the 
petiole, and the point where they separate to be distributed to the 
expanded portion marks the distinction between the petiole and 
the lamina. 

The simplest form is the adcular, where the bundle remains 
undivided, giving the entire leaf the form of a petiole, terminating 
in a point, as in the leaves of the Pine, Larch, &c. (VI. fig. 20). 

Most frequently however the bundle separates into several, 
and these secondary bundles spread out, either in one plane, 
giving the leaf dimensions of length and breadth, or in different 
planes, when the thickened leaf acquires also depth. 

144. In the former case again the nerves of the lamina may 
be parallel with the petiole, or form an angle with it. Sometimes 
the bundle divides into several equal portions, which spread out 
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in a divei^nt arrangement, called the palmate nervatioD, idifi&oe 
the leaf is said to be palmmarwdi sometimes it continaes from 
the petiole to the summit of the leaf, sending off secondary bun- 
dles to the right and left, forming the pinnate nervation, and tiie 
leaf is then called pinmnerved. In the latter case the principal 
nerve continued from the petiole is denominated the mediam n^re 
or costa of the leaf: the lateral nerves forming angles of all de- 
grees with the median are the secondary nerves. Wben the 
secondary nerves diverge from the summit of the petiole all in 
one plane, radiating like the spokes of a wheel from the axle, die 
nervation is said to be peltate (VI. fig. 22). 

In the pinninerved leaves the secondary nerves may be given 
off from the median at any angle ; they may be all equal, long 
or short, or unequal, by decreasing from the base to the summit 
or vice vend, or increasing up to a certain point and then di- 
minishing; this maximum point being situated either in the 
middle of the leaf or above or below it (VI. fig. 21). 

145. When the nerves separate, to be distributed in different 
planes, the lamina either consists of a flat expansion variously 
folded upon itself or of a thickened solid mass. To the first 
condition may be referred the fistular leaves (as in some of the 
species of AUium) and those uncommon forms where the leaf 
assumes the figure of a hood, a pouch, an urn, &c., as in some 
of those modifications called ovcicfta. In the second condition 
the parenchyma fills up all the intervals between the nerves, and 
the leaf acquires a solid form, its surface being curved or divided 
into several plane faces. These solid leaves are often sufficiently 
regular to allow of their being characterized by the various geo- 
metrical terms, as prismatic, pyramidal, cylindrical, &c. ; at other 
times they are so irregular that they are described by names 
borrowed from various familiar objects, and are called for instance 
ensiform, linguiform, gibbous, &c. 

146. The flat leaves have many distinguishing characters de- 
rived from the distribution of the parenchyma in relation to the 
nerves. When it fills the interstices completely, and the margin 
of the leaf exhibits an unbroken line, the leaf is entire (integrum 
VI. fig. 21). When the parenchyma does not reach the mar- 
gin at all points, the outline of the leaf presents many degrees 
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of irregularity. The borders thus cut, as it is called, vary in 
form and receive names founded upon the extent to which the 
parenchyma is developed, and upon the depth of the salient and 
re-entering angles presented by the marginal outline. When the 
margin is slightly cut or notched, the projections are called teeth, 
and the leaves are dentate (VI. iig. 24) ; or if the teeth are sharp, 
and point all in one direction, serrate (VI. fig. 26) ; where the 
teeth are rounded, the leaves are crenate (VI. fig. 25). 

The margins are frequently more deeply cut, and the divisions 
then are called lobes. The names of the lobes vary with the depth 
of the incisions : if they reach to midway between the margin and 
the median nerve, they are called fimures, and the termination 
-fid (VII. fig. 1) is subjoined to the adjective denoting the 
number or arrangement of the fissures. If they reach almost to 
the median nervcji they are partitions, and the leaf is ^partite 
(VII. fig. 2) ; if the parenchyma is divided down to the nerve, 
the lobes are segments and the leaf is -sect (VII. fig. 3). The 
last three names are usually employed in combination, as when 
the fissures, &c. are three, five, or indefinite in number, tri-fid, 
quinque-fid, mult\fid, &c., or are arranged like the palmate or 
pinnate veins, palmatjfid, pinnat\fid, &c., the words -partite and 
'Sect being used in the same manner. 

147* In all these forms the parenchyma diminishes in propor- 
tion as it becomes more distant from the median nerve or axis, 
all the lobes being continuous in the centre, except in the last 
condition ; but even there each segment adheres to the median 
nerve to a considerable extent, and exhibits the greatest breadth 
at its base. In compound leaves we have a different arrangement ; 
the segments are only attached to the median Qerve by means of 
the secondary nerves, which there appear to bear the same rela- 
tion to the median nerve as the petiole does to the branch from 
which it originates. The segments thus assume the character of 
so many leaflets independent of each other ; but their real nature, 
as parts of one leaf, may be recognised by the fact that they are 
all situated in one plane, and that the main petiole separates in 
one piece with all its leaflets from the stem when the leaf dies. 

In the leaves called compound the median nerve is the rachis 
ot common petiole, and the segments are leaflets or folioles, )f 
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the median bundle of each leaflet remains undivided for anv di« 

m 

Stance from its base, this portion is called the petiohile. 

The compound leaf thus formed presents modifications analo- 
gous to those of the simple leaf, depending upon the palmate or 
pinnate nervation. Tlius they Ktt palmate (VII. fig. 4) or piuuk 
(VII. fig. 5). When the term |itiifia<e is used alone, it denotes 
this latter form. In the compound terms applied to the variouB 
kinds of leaves the termination -foUate is employed, e,g, a leaf is 
called bi", tri- or muUt-foliate, They often arise in pairs (VII. 
fig. 5), and these are called /u^a, whence the epithets hi-, tri' or 
multi'Jugate, When a pinnate leaf has no terminal leaflet, it is 
abruptly-pinnate (VII. fig. 9) ; where the median nerve or rackit 
bears a terminal leaflet, the leaf is impari-pinnate (VII. ^g, 5). 

Leaves still more complicated in the arrangement of their parts 
result from further division of the nerves. All that has been 
stated with regard to the divisions of the secondary nerves may 
be repeated of the nerves of the 3rd, 4th or 5th order, &c., each 
of which may bear the same relation to that from which it arises 
as the secondary nerves do to the median. In simple leaves the 
lobes may here be entire or variously divided, as before (§ 146), 
and these divisions again subdivided. The prefixes bi- and iri- 
are used to indicate the number of times the leaves divide ; for 
instance, a bi-serrate leaf has serratures, the margins of which 
are again serrated (VII. fig. 7) ; a bi-pinnati/id leaf is a pinna- 
tifid leaf, the lobes of which are again divided into lobules, ar- 
ranged in a similar pinnate manner (VII. fig. 6). Beyond 
this double division the parts generally become so small that it is 
not thought worth while to examine the exact arrangement, and 
all those leaves where the lobes are very numerous and indefi- 
nitely divided are confounded together as laciniate or decomposed 
leaves. 

In compound leaves the leaflets themselves may be dentate or 
lobed. But when these subdivide it is usually in repeating the 
primary division, each being decomposed into leaflets (/. decom- 
posita) or even dividing again (f. sttpra-decomposita) , The leaf 
is then said to be twice or thrice pinnate (VII. figs. 8, 9) or pal- 
mate (Jd-, tri'pinnate; ^palmate). The secondary nerves tiius 
become so many rachides or partial petioles. 
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Space will not allow of all the varied fonns of leaves being 

described here, and indeed such descriptions belong rather to 

glossology than to organography ; the knowledge of them is 

necessary to the comprehensioo of descriptive botany, but not in 

the examination of structural or physiological peculiarities. It 

is sufficient here to indicate how the distribution and arrangement 

of the constituent parts, the nerves forming the skeleton and the 

parenchyma which is the essential portion of the leaf, determine 

the various appearances, and to remark that the differences are 

only in the relative degree of development of these, since the 

compound leaf presents, not a greater variety of parts, but the 

same part repeated a greater number of times. 

148. Petiole. — ^The usual form of the petiole is that of a little 
branch interposed between the stem and the leaf, and supporting 
the latter. It is composed of the fibro-vascular bundle going to 
the leaf, the bundle being enveloped in a continuation of the cor- 
tical parenchyma ; the epidermis of this portion, like that cover- 
ing the nerves of the lamina, contains no stomates. 

149. The vessels passing from the stem, with the accompany- 
ing cells, undergo some changes when they make an angle at the 
base of the petiole or other lateral organ. The elementary organs 
of the bundle are here shorter, and their ends are applied together 
in a smaller extent. After they have attained a certain degree of 
development, the mutual adherence of these parts becomes very 
slight, and they fall apart by their own weight or are detached by 
very slight external force. The point where this takes place is 
called an articulatum, and such a structure frequently occurs at 
the spot where two organs are in contact, as at the nodes of the 
stem, and the origin of branches or leaves. 

Leaves which are frequently articulated with the stem are then 
continuous with it at their narrowest part ; thus after a certain 
period, when they have fulfilled the offices to which they were 
destined and have vrithered, they fall. In a large number of 
plants they fall in the course of the same year in which they 
were developed. When they are not articulated (as in the Oak) 
they frequently remain attached through the winter, or even after 
the death of the plant. 

Persistent leaves are generally found to be simple ; compound 
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leaves are almost always articulated, and here the folioles often 
are articulated with the partial petioles and become detached. 
This is sometimes taken as a distinctive character of true com- 
pound leaves. 

150. After the petiole has become disarticulated, a slight pro- 
tuberance is often perceptible upon the stem at the place where 
it was attached. This is originally continuous with and forms t 
base for the petiole, and then is called the pidoinua. The scar 
left by the separation is the cicatrix, which frequently exhibits 
toward its centre, little points denoting the extremities of the 
vascular bundles. These are variously arranged, and the ar- 
rangement, with the general form of cicatrix and pulviniis, fre- 
quently affords characters by which a stem may be recognised 
when its leaves are all removed. 

151. The petiole is generally shorter than the lamina (VII. 
fig. 8) ; sometimes equal to it, sometimes longer. When it is 
tolerably thick and short, it supports the lamina vnthout bending. 
If it is slender, long, or of soft texture, it forms a curve propor- 
tionate to the weight of the leaf. Its form is often cylindrical, 
but generally it is rounded or convex below, and flat or grooved 
above. The petiole of certain plants is flattened horizontally, 
while in a few the greatest diameter is in the vertical dimension : 
the lateral flattening of the petiole gives the peculiar mobility to 
the leaves of the Populua tremula or Aspen. 

152. Phyllode. — In some forms of petiole the bundles, in- 
stead of remaining united until they reach the lamina, separate 
and become connected only by a flat expansion of cellular tissue 
like that belonging to the blade of the leaf. The organ thas 
formed is called aphyUode (VII. fig. 9, h), and closely resembles 
a leaf. It may be distinguished by the nerves being all nearly 
parallel and equal, uniting again at the apex, while the nerves of 
the true leaves of the same plants are pinni-nerved. The phyl- 
lode occurs especially in the New Holland Acacias, and in these 
its margins look up and down, while the faces are lateral. The 
phyllodes often bear true compound leaves upon their summits. 

153. The curious organs which have been denominated ascidia 
or pitchers appear to be modified petioles. If the two margins 
of a phyllode were rolled inward and united in their lower half. 
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a pitcher like that of Heliamphora would be fonned (VII. fig. 14). 
Various forms of these atcidia occar> as in Sarraeenia (VII. fig. 
12), and Nepenthes (VII. fig. 13)^ where the lamina is found as a 
sort of bood or lid to the pitcher ; but other tuddia, e, g, those of 
IH9ch%dia and Marcgraavia, are formed from the lamina and not 
the petiole. The dilated petiole bearing the irritable lamina of 
IHofUBa (VII. fig. 11) probably fulfils the office of the leaf. 

154. Sometimes the petiole is undistinguishable, as in connate 
or perfoliate leaves especially ; here the bases of opposite or the 
posterior lobes of solitary leaves encompass the stem and cohere 
by their margins (VII. figs. 15, 16). 

155. The petiole of a large number of the Monocotyledonous 
plants consists of a sheath envelofHUg the stem, and in the Grasses 
this is furnished with a peculiar organ called the ligule (VII. fig. 
17 a), which appears to be fonned by the epidermal layer be- 
coming raised up and folded upon itself where it passes from the 
superior face of the leaf on to the stem. 

156. Stipulbs. — ^These are generally small foliaceous bodies 
situated at the base of the petiole (VII. figs. 18-20) . They resem* 
ble leaves in structure and appearance, and are subject to similar 
modifications; they may be membranous or scale-like, or be 
transformed, like leaves, into spines or tendrils. From the great 
tendency to cohere by their margins, they vary much in their re- 
lations with each other and to the petiole. 

The vascular system of the stipules is intimately connected 
with that of the leaf. In some plants, as in the Rose, the sti- 
pules consist of two wing-like expansions adherent to the petiole. 
The fibro-vascular bundles here pass out from the stem, separate 
while passing through the flattened stipulate portion of the pe- 
tiole, and t^en unite again above (VII. fig. 18). These are 
called petiolar stipules. But the bundles may remain permanently 
separate and the stipules exist as free leaflets attached at the base 
of the petiole, as in some Willows (VII. fig. 19). When the 
stipules remain unconnected with the petiole, they frequently 
cohere with each other by their margins ; that is, in opposite 
leaves, each with the corresponding stipule of the pair opposed ; 
in alternate leaves, with outer margin of its own fellow, and thus 
encircling the stem (VII. fig. 21). Sometimes they cohere by 
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their inner margins (VII. fig. 20), forming what is called an 
axillary stipule ; and when they cohere extensively by both mar- 
gins, a sheath, vagina or tn/ra-foliaceous stipules are formed, 
embracing the stem (VII. fig. 22), as in what are called the 
odkre« of Polygonum. Where the stipules of opposite leaves 
unite by their outer margins, an interpetiolar stipule (VII. fig. 24} 
is formed ; but they may cohere only at their bases, and thus 
we get two interpetiolar stipules ; and in the Rubiaceae ^ve some- 
times find these resembling the true leaves in size and form, and 
the whole appearing to be a whorl of six leaves. 

157- Stipules are not found in all plants, but their small size 
often causes them to be overlooked ; their presence or absence is 
generally constant throughout each natural order. They are not 
always persistent, but fall off soon after the expansion of the leaf; 
in the Fig and the Magnolias they form the covering of the leaf- 
buds, falling off as these open. 

When leaves possess stipules they are said to be stipulate; in 
the contrary case, exstipulate. The leaflets of compound leaves 
are sometimes furnished with little stipules or stipeUes, and are 
then called atipellate. 

158. Tendrils and Spines. — By the non-production of the 
expanded parenchyma, any portion of the fibro-vascular system 
of leaves and their appendages may take the form of elongated 
herbaceous processes, which generally have a tendency to twiae 
round any body with which they come in contact; these are 
called tendrils. In some cases, as in the Leguminosae, they are 
formed from the continuation of the midrib beyond the lamioa, 
or from the rachis of compound leaves ; in the latter case either 
consisting of a little tendril, taking the place of any of the 
leaflets (VIII. fig. 1), or a larger one replacing the leaf itself, as 
in Lathyrtu Aphaca, where it is said to be petiolar. Sometimes 
they are situated at one or both sides of the base of the petiole, 
produced from the lateral bundles, correspondiug to those which 
in other cases produce stipules. 

Instead of tendrils we sometimes find hard spines in the same 
situations ; that is, at the extremities of the mid-vein or lateral 
veins of leaves, as in the Thistles, or replacing stipules or even 
leaves themselves. Tendrils and spines of this nature must be 
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distinguished from those which are modified branches, as the 
tendrils of the Vine, the spines of the Plum, &c. The discrimi- 
nation becomes easy, since when these organs are modified 
branches they always arise from the axil of a leaf. They are also 
readily distinguishable from thorns, as the latter are mere ap- 
pendages of the epidermis, analogous to hairs (§ 67.). 

159. The stems of the three great divisions of Cormophytes 
presented us with well-marked distinctions, and an examination 
of the leaves in the same point of view enables us to recognize 
special arrangements of the parts entering into their composition^ 
which are equally characteristic. The nature and relative posi- 
tions of the bundles forming the nervures of leaves offer three 
very distinct types; the peculiar distribution in some orders, 
analogous to the peculiarities of some stems, being only excep- 
tional cases. 

Leaves of Acottlbdons. 

160. The nervures of tiie leaves of Mosses and Liverworts,; 
where they exist, offer no trace of vessels. The bundled consist 
of cells of a more elongated form. In the Lycopodiacese a single 
small bundle of spiral vessels is found. In the Marsileaceae nu- 
merous bundles occur, while in the Ferns the venation of the 
leaves acquires considerable development. The leaves are very 
often highly compound, and the nerves ramify almost more ex- 
tensively than those of cotyledonous plants. The fibro- vascular 
bundles, which contain the scalariform type of vessels, and are 
enclosed in a layer of the blackish cellular tissue, as in the stems, 
traverse the petioles, and on reaching the liy;nina branch out in 
various directions. The palmate nervation occurs sometimes, as 
in the AdiarUum, but the pinnate is the more common, llie ter- 
minal divisions of the veins, however, in either case are bifurca- 
tions. 

Leaves of Monocottledons. 

l6l. In the leaves of this division (excepting in one or two 
orders) we do not find the nervation reticulated. They are either 
all parallel, as in tiie Iris, &c., or there are parallel secondary 
nerves given off from one great principal. Monocotyledonoas 
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leaves therefore are generally entire ; in the Pahns even, wbm 
they are pinnatisect or palmatisect, the lobes are almost paiaSd 
and have straight veins. 

162. The vaginal portion of the leaf acquires Tery great deve- 
lopment in the Monocotyledons^ enclosing a great extent of the 
stem. In many plants the axis appears to be almost whoU? 
made up of sheaths, enclosed one within another. In the Grasses, 
as has been stated, the upper portion of the sheatli forms a peca- 
liar process called the ligule (§ 156.), which is supposed to be 
analogous to the stipules. The sheath is continuous with the 
stem by a large portion of its circumference, and is not articmiaitL 
When dead tiierefore the leaves do not fall, but wither upon the 
stem. If the nerves are quite parallel from the base to the apex, 
the leaf has the form of a flat riband, as in Tjfpka, &c., and it is 
then difficult to say whether the organ is a petiole or a linb. 
But in other cases the nerves diverge a little from the base to the 
centre, and then converge again at the summit, and thus produce 
the appearance of a limb, like that of the Dicotyledons (Orchidec, 
&c.). When the secondary nerves take a new direction where 
they separate from the principal, a limb is formed by their lateral 
extension, very distinct from the petiole they formed below. Id 
most cases however the leaf resembles a phtfUode or foliaceoos 
petiole, rather than a true leaf with petiole and lamina. 

163. A few Monocotyledonous orders offer exceptions to the 
above remarks, viz. the Aracese, Smilaces and Dioscorese; in 
these the nerves branch and anastomose, producing a reticulated 
nervation contained in a distinct lamina. 

Lbavbs of Dicottlbdons. 

164. The leaves of dicotyledonous plants present very distinct 
characters. Here we find leaves articulated, really compound, 
having, their margins dentate, crenate, or divided into angular or 
sinuous lobes. The nerves arising from each other generally 
form acute angles and subdividing become intermingled in their 
ultimate ramifications. 

There are, however, some dicotyledonous leaves vnth parallel 
veins, as Ranunculus Lingua, &c. Some authors refer aU these 
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cases to phyUodes, which^ as we have seen, are always straight- 
veined, and are transformed petioles. 

The genera] description of leaves which has been given pre- 
cludes the necessity of entering more at length upon the leaves 
of dicotyledonoos plants, since the structure and most important 
modifications of form have been already pointed out. 

Arra?9obmbnt of Leaves. 

165. The laws of the arrangement of leaves, or Phyllotaxy, 
have been very carefully investigated and reduced to mathematical 
precisioui but since they do not seem to have any very direct 
practical bearing in the present condition of our knowledge, it is 
obviously uoadvisable to allow a lengthened exposition of them 
to occupy a place in an elementary work. The chief fact that 
comes out of the inquiry is, that leaves and all their modifications 
have normally a spiral arrangement on the axis or stem, and that 
the mathematical formula for the relative position of the organs, 
though different in different plants, is remarkably constant in the 
same species. 

In stems where the leaves arise one after another with the in- 
terposition of a certain length of the axis between them, the leaves 
are called alternate, and this, the commonest condition, offers the 
most favourable opportunity of detecting the spiral arrangement. 
Alternate leaves are rarely placed exactly upon opposite sides 
of the stem ; the second leaf will be found to arise rather on one 
side of the point above and opposite the first, and the third on 
one side of a line perpendicular to the first. In the Apple the 
sixth leaf comes to be directly over the first, and a line drawn 
round the stem connecting all their bases will be found to be a 
simple spiral passing twice round the stem. The point where 
a leaf is found coinciding perpendicularly with the first, indicates 
the completion of a series or cycle, and thus in the Apple the 
cycles are series of fives. Carrying the examination further up, 
we shall find the seventh leaf over the second, the eighth over the 
third, &c., until we reach the eleventh over the first and sixth, 
completing a second cycle. 
This arrangement in cycles of fives is that most common in 

f2 
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Dicotyledons, but others also occur. The Lime presents a i^rr 
simple condition. Here the second leaf is directly opposite, and 
the third directly over the first ; the latter completing one spirt 
and being the point where the second commences. This anaogc- 
ment, which is called distichous, is found in many Monocotyle- 
dons, but spires containing three leaves, forming the tristickoiu 
arrangement, are the most characteristic of that class of plants. 

The spire becomes much more complicated where it contain: 
many more elements, but the relations are found to be constant, 
and in plants exhibiting such forms the spiral arrangement -be- 
comes much more apparent, as in the Pandanus or Screw-pine, 
the Pine- apple, and among the Coniferse. 

A little consideration renders it evident how this spiral dispo- 
sition of the organs ensures the symmetrical distribution of the 
leaves, and the equable formation of new parts deriving their 
assimilated nutriment from them. A proof of this influence is 
afforded by the manner in which the form of the stem deviates 
from the cylindrical in those plants where the spiral arrangement 
of the leaves is least obvious. The various organs resulting from 
the higher states of development of the typical organ, namely the 
floral envelopes, and even the carpels (as in the Conifene), are 
all subject to the law of spiral disposition, and the importance of 
this view in elucidating the structure of the flowers will hereafter 
be seen. In a large number of plants the law of arrangement 
just described does not at first appear to hold good, namely in 
those which have opposite or verticillate (IX. figs. 1,2) leaves. 
But opposite leaves may be supposed to proceed from two spirals 
proceeding up the stem simultaneously, or from the non-develop- 
ment or shortening of the alternate internodes« The whorl or 
verticil, again, may be conceived to originate from the non- 
development of the intemodes of a whole cycle, each spiral cycle 
being thus reduced to a circle. Examining the succeeding whorls, 
we do not often find the leaves of the second perpendicular to 
the first, but with their midribs over the intervals between those 
below. Supposing the leaves to be opposite, the second pair 
would stand at right angles to the first (decussate) : if the whorl 
contained three, it would require a greater number of series before 
the leaves would again correspond vertically. In these case^ the 
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nnmber of cycles or whorls required to complete the vertical co- 
Hicidence constitutes a rectilinear series, and in opposite leaves 
consists of four cycles ; where the whorls are composed of three 
leaves, of six, and so on. If the pairs do not cross exactly at 
right angles it will require several pairs to form a series, and 
these pairs follow a spiral arrangement like that which is com- 
monly found in alternate leaves. 

166» Some authors contend that the normal arrangement of 
leaves is verticillate, and that the spire arises from the breaking 
up of this by the elongation of the stem. Those on the con- 
trary, who contend that the spiral is the typical disposition assume 
that the elongation is suspended from time to time, to allow of 
the accumulation of the cycle into a circle, and that each inter- 
node separating these circles b made up of as many internodes 
or cauline menthols as the whorl contains leaves. 

167. The opposition or alternation of leaves is generally con- 
stant in the same species, but the transition from one to the other 
Occasionally occurs on the same stem, as in the Myrtle, the 
Antirrhinum, and in rapidly growing shoots of opposite-leaved 
trees. Monocotyledons seldom have opposite leaves. 

168. The place where a leaf arises from the stem is often called 
the insertion, and this may be radical when it arises from the 
stem below the surface of the ground, or cauline when arising 
from the main stem ; those belonging to the branches are some- 
times called ramol; when upon the flowering-stems they are 
called floral leaves or bracts. 

Only one leaf arises from one point, but by the formation ot 
an almost undistinguishable axillary branch the bases of a num- 
ber of leaves may be brought in contact, so as to produce tufts 
of lesives or fascicles. The Larch offers a good example of this 
condition (VIII. fig. 5), the whole foliage of the branch becoming 
developed without any growth of the axis. 

Buds — Vern ati on* 

169. The axis or stem developed from the embryo in germina- 
tion continues to increase in height by the superposition of new 
phytons, until the season of rest approaches. A certain number 
of leaves and that portion of the stem upon which they are borne 
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then become developed in a peculiar manner ; the axis is short- 
eoed into a small cone, and the leaves reduced to little cellukr 
expansions, variously folded and closely packed. These collec- 
tively constitute a bud, and are formed by the extension of the 
medullary system. A bud consists at first of a little conical pro- 
jection of the pith, which is confounded at its apex 'with the cor- 
tical parenchyma. As it grows, vessels become developed around 
the cellular centre, and the cortical parenchyma soon exhibits 
little conical processes of cellular tissue, which are the future 
leaves. The new vessels and ligneous fibres become continnoas 
with those of the part from which the bud has been produced; 
but the process of medullary parenchyma bdonging to the bud of 
a branch is soon cut off from the old pith by the formation of 
a quantity of a denser tissue at the point of departure of tlie 
branch, the pith of which thus becomes defined at its base in the 
same manner that the pith of the parent stem is defined at the 
root. 

170. Besides the terminal bud, which effiects the elongation of 
the stem in the original direction, all leaves have the power of 
producing buds in their axils. The axil is the angle between 
the leaf or petiole and the stem from which it originates, and it 
is in this spot alone that branches can be formed, all lateral ex- 
tensions of the plant resulting from the development of axUkay 
buds (VIII. fig. 6). 

The buds therefore only differ in their function from seeds or 
embryos in the fact that the former continue the individual while 
the latter continue the species ; for although the buds or rather 
the leaves are to be regarded as distinct individuals in a certain 
sense, still they are parts of one compound whole, and all have 
a closer affinity than that existing between the parent plant and 
the seedling. All new plants produced by cuttings or scions will 
exactly resemble in their new development the parent of which 
they originally formed part, while new plants from seeds have 
merely a specific identity. 

17 i' The buds thus formed are destined to {»:oduce a genera- 
tion of leaves to succeed that in the axil of which they are pro- 
duced, and when this withers and falls the bud remains either 
in an active or passive state, according to external circumstances. 



SCALES. 85 

In temperate climates the buds remain dormant through the 
i^nter> and develope when the spring brings the favourable con- 
ditions. In tropical climates, where there is scarcely any interval 
of repose, or indeed anywhere when the conditions of tempera- 
ture are not hurtful to the young bud, its leaves are almost ex- 
actly like those which are afterwards to be produced on the 
branch in course of formation* But where the buds are subject 
to the temperature of a winter, such structures would evidently 
be destroyed by the frost ; in such circumstances the leaves of 
the bud are of a different nature ; they are converted into what 
are called scales, which closely envelope the delicate punctum ve- 
^etaHoma. These scales vary in form and substance in the mo- 
difications which they undergo to render them fit to protect the 
internal parts. Commonly tiiey acquire a slightly homy texture, 
or they become imbued with some substance, such as resin, which 
is insoluble in water and a bad conductor of heat. In some buds, 
as in the Willows, the scales are furnished with a thick dovni. 

The leaves or scales are either so much developed as to cover 
one another completely (VIII. fig. 8), or, as is more frequently 
the case, they are rather shorter than the complete bud, and are 
indtricated (VIII. fig. 6) ; that is, the bases of the upper scales 
are covered by the summits of the next below, and so on. The 
scales then generally present a spiral arrangement; like the car- 
pellary scales of the Pine cones. 

Those buds which have their leaves unaltered, as is the case in 
tropical trees, and in rare cases in the inhabitants of temperate 
regions (e. g. Rhamnus firangula), are said to possess naked buds. 
Where they are converted into the defensive structures above de- 
scribed, they are called scaly. 

The scales have received various names, such as tegmenta 
peruUs, hybemacula, but the term scale is sufficient, although they 
do not constantly possess this distinct form. The leaf thus mo- 
dified is reduced to one or other of its parts. If the scales are 
formed by lamuus, the bud is called foUacecus ; if by enlargement 
of petiole (vagime), petiolaceous ; when the lateral expansions or 
stipules subserve this office, the buds are stipulaceous ; stipules 
and petioles united enclose fulcraceous buds. 
172. The true leaves in the interior of the bud, as their laminae 
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begin to acquire volame, become rolled up in different ways, so 
as to take a form adapted to the small round space they occupy. 
This state is called the vernation or prrfoliation, and each modi- 
fication has its peculiar name. Each leaf considered individually 
may be recUnate (VIII. fig. 14, a); condupUcaie (fig. 14, 6) ; pUeaie 
(fig. 14, c) ; convolute (fig. 14, d) ; involute (fig. 14, e) ; revoiate 
(fig. 14,/) ; or cirdnnate (fig. 14, g). These modifications may 
be complicated one with another ; the lamina may be folded or 
reclinate on the petiole, or the petiolets of compound leaves may 
fold toward the rachis, and this again upon the petiole itself. 
The Ferns present examples of very complex prefoliation. 

The leaves, considered in combination, may form a vematioB 
which is vakate (fig. 15, <f) ; imbricate (fig. 15, b, e) ; smfapli. 
cate (fig. 15> d) ; equitani (fig. 15, e) ; ha^f-equitani or tUntolnte 
(fig. 15,/). 

These terms are applied not only to the leaf-buds, but to all 
parts undergoing similar modifications of form. It ia chiefly in 
young parts that they are found, and we shall see them o<xnir- 
ring again when we come to examine the development of the 
floral organs. 
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Chap. VI. RAMIFICATION. 

173. In the foregoing chapter we have seen that the branches 
are produced from buds which are either terminal or situated in 
the axils of leaves ; these branches, bearing leaves, become in 
their turn covered with buds, whence originate another series of 
branches, which will be followed by a third, fourth, &c. If the 
stem be taken as the primary axis, the branches arising from it 
may be called secondary axes; those which spring from the 
secondary, tertiary, and so on. The words branch (ramus) and 
twig (ramultui) are applied to these divisions, but the seuse in 
which they are used is not very strict, depending to some extent 
on the plant in question, and thus having frequently only a rela- 
tive value. That which is a branch of a herbaceous plant would 
be but a twig of a tree. 

174. Since the buds are developed in the axils of the leaves, it 
would appear necessary that branches should follow the same 
laws of arrangement as leaves, and that we should find them in 
a spiral, opposite or whorled position, like the leaves. This is 
the case to a great extent among herbaceous plants, where most 
of the buds become developed into branches ; but even here there 
are frequently a number of axillary buds which remain undeve- 
loped, and in ligneous plants this is still more common. In 
addition to this suppression of axillary buds, a second modifying 
cause which inteiferes with the correspondence of leaves and 
branches arises from the production of additional buds in other 
situations. 

175. The terminal bud, which has been already alluded to 
(§ 169.)« is the most constant in its existence. This is destined to 
continue the growth of the primary axis, and is first seen in the 
condition of the gemmule of the embryo. When the first term of 
growth is approaching a close (in temperate climates at the ap- 
proach of winter), the development of leaves and stems becomes 
arrested,, and a bud is formed at the summit of the axis. In the 
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following season this bud is developed, and the growth of tlie 
axis is subsequently arrested a second time in a similar manner, 
to form a bud for the year following. Such a stem consists of a 
number of branches superposed upon one another; and in a 
dicotyledonous tree the number of ligneous rings "will conse- 
quently diminish in succession as they are examined ft*om below 
upward ; and if the situation of the successive buds could be de* 
termined by the examination of the stem, the age of the tree 
might be determined. 

In many plants this terminal bud is the only one which is de- 
veloped, and as there is then no lateral ramification, the stem is 
simple. Such stems are most frequent among the Monocotyle- 
dons, but a few examples occur in dicotyledonous plants, as in 
the Cycadese. 

1 76. The non-development of axillary buds is sometimes ir- 
regular, and occasioned by local or special causes ; thus want of 
light, poor soil or mechanical obstruction, may cause the buds 
to be abortive, to develope but slightly or die. But the process 
often takes place with great regularity. In the Firs, where the 
leaves, which are very numerous, are arranged in a spiral line, 
the branches appear to be assembled in whorls at distant inter- 
vals. Here the buds are alternately abortive for a certain distance 
up the spiral, and then a certain number are developed in the 
axils of successive leaves, the turns of the spiral being so close 
that they look like whorls. In the case of opposite leaves, fre- 
quently only one axillary bud is developed, and then, in the next 
pair the bud of the leaf on the opposite side produces the next 
branch ; so that in opposite leaves, where the pairs are all in one 
direction, we have alternate distichous branches; where they 
cross obliquely, often a regular spiral (as in some of the Caryo- 
phylleee). Many modifications arise from these influences, and 
it may be stated in general terms that the arrangement of branches 
may vary from that of the leaves by a tendency of one series of 
buds, bearing a constant relation of position to another series, 
to become abortive. 

177. If the terminal bud be abortive while the axillary are 
developed, the stem will be very short or almost undistinguish- 
able ; the plant will grow laterally, either in all directions, or 
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only in a certain number if non-development of buds is occasioned 
by any of those constant relations just alluded to. In some 
cases the stem produced by the germination of the embryo soon 
ceases to grow, while a lateral branch takes upon itself the cha* 
racter of the main axis of all subsequent developments. The 
stem is often buried to some extent in the soil, and thus the 
branch arising low down may originate in the ground as well as 
above it. This occurs in the plants which are commonly known 
as perennials. In the first year they pass through the regular 
conditions of an annual plant, but at the approach of winter they 
die down to the ground only, beneath the surface of which the 
root and the base of the stem, bearing several buds, continue to 
live. In the following spring each bud developes into a stem^ 
which is often thick and fleshy, and elongates considerably before 
producing leaves ; in this condition it is called a turio, and the 
jisparagua, in the state in which it is eaten, affords a good ex- 
ample of this. 

178. The subterraneous branches may elongate under ground* 
and then they generally produce adventitious roots. This modi- 
fication has received the name of Rhizoma, and acquires quite the 
appearance of a root (VIII. fig. 16). Sometimes it continues its 
course horizontally, producing buds on its upper surface, which 
develope into branches and rise up vertically; sometunes the 
rhizoma itself turns upward and exhibits its extremity, furnished 
with a bud, above ground ; in the latter case it generally gives 
origin previously to another branch resembling it, which takes its 
place and grows horizontally. These creeping rhizomata often 
acquire great length and present a series of cicatrices upon the 
upper surface, indicating the position of the successive shoots 
(VIII. fig. 16 c, a). 

179. The Bulb is another form of stem peculiar to Monocoty- 
ledons, which in its modifications bears a direct relation to the 
aerial bads. They are divided into the tunicaied (VIII. fig. If a, 
h), scaly (VIII. fig. 18), and solid (VIII. fig. 19 a, b) bulbs. These 
are subterraneous stems, bearing buds which are either terminal or 
axillary. The scales of the tunicated bulbs envelope the base of 
the stem, and being modified leaves are capable of producing buds 
in their axils. The scales of the second kind are imbricated like 
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those of the buds described in § 171, but are generally of a thick 
fledhy consistence. Solid bulbs are almost entirely made up of 
the enlarged stem, with very few tunics. The little buds whicK 
are produced in the axils of the leaves are called cloves, some of 
which may be developed upon the same bulb, and, in a few plants, 
for several years ; others become in their turn distinct bulbs, and 
adhering but slightly to the parent, which dies after a certain 
time, become detached. 

In the solid bulb there is frequently only a single bud developed, 
at one side, which becomes a new bulb and produces a secood 
lateral bud, commonly on the opposite side, according to the 
usual alternation of leaves and branches. The difference between 
rhizomata and solid bulbs is very slight, depending almost whoUy 
on the separation of the new buds from the parent. The conical 
base of the bulb (V.fig. 23,VIII.fig. I7b) is generally considered as 
the stem, but is in fact at its origin a branch of the parent bulb. 

180. Lateral branches taking upon themselves the office of 
stems in this manner may also originate above ground. Increa- 
sing the plant thus in a horizontal direction, they receive the name 
creeping stems. These pseudo-stems are generally slender and 
flexible, and produce buds and leaves at certain distances. The first 
portion forms a terminal bud, which sends up a rosette of leaves 
and produces adventitious roots below, which bury themselves 
in the ground. In the axils of these leaves new buds produce 
new branches, which extend for a certain distance and then 
terminate like the first. The Strawberry and Ranunculus repens 
afford good examples of this form of ramification (VIII. fig. 21). 
These lateral shoots, which are commonly called runners (fa- 
geUum), wither after a certain time, and each rooted bud or tuft 
becomes a distinct plant. This natural process is imitated in the 
horticultural process of layering, in which a branch is bent down, 
so that an internode is buried a slight depth in the ground. It 
sends up leaves and produces roots, and may then be detached 
I from the parent plant. In succulent plants the buds may be 

I detached and planted separately before they have produced roots, 

I as from the nature of their tissues the leaves can provide for their 

. own support for a time. Such a cutting is called a propagukm. 

181. Another instance of the tendency of buds to become in- 
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dependent of the parent plant is seen in that modification of the 
a,erial bud called a bulbel (JmlbiUns) . This is closely analogous 
to the bulb, and consists of an axillary bud developed in a pecu- 
liar manner. The scales are few in number and thickened, some- 
times even blended together into a solid mass, having that fleshy 
consistence which all organs acquire when they are destined to 
be for any time self-dependent for nutrition. They gradually 
become detached from the axil where they are produced, and 
falling upon the soil reproduce the plant like a seed, presenting 
a distinct transitional condition between the bud and the embryo ; 
Lilium bulbiferum and Dentaria hulbifera offer good examples 
(VIII. fig. 13). 

182. In all the examples hitherto noticed, the branch, taking 
upon itself the office of the stem, retains its lateral position. In 
certain plants however it becomes so much more strongly deve- 
loped than the central axis that the latter is pushed aside and the 
branch takes the vertical direction. The true nature of the parts 
is indicated by their relative position. The stem exhibits at cer- 
tain intervals leaves without any axillary buds, and opposite to the 
leaves are small herbaceous branches. The continuation of the 
stem is thus between the leaf and the branch, and is therefore 
produced by the axillary bud of the former, while the herbaceous 
branch represents the abortive stem. In Ridnus and Phytolacca 
this arrangement is very evident, since the new axes produced 
by the axillary buds do not acquire the vertical direction, but 
make an angle with the internode below. 

183. The preceding forms of ramification are consequent on 
the non-development of terminal or axillary buds. The arrange- 
ment of the branches may also be modified by the displacement 
of the buds, where they appear to originate at a distance from 
the axil. These extra-axillary buds may be produced by the 
complete abortion of certain leaves, or by the adherence of their 
petioles either to the stem or to the base of the axillary branch. 
Anomalies in the arrangement of leaves arise from these causes, 
as in many Solanacese, but fiowers exhibit the greater proportion 
of such cases, and they will be more conveniently considered in 
speaking of those organs. 

184. Cases diametrically opposed to the ramification conse* 
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qaent on non-deyelopment are produced by the moltiplicatioa of 
buds. In rare instances we find what are termed acee s fory buds, 
where several buds and branches arise in the axil of one leaf (Vin. 
fig. 9). Sometimes they are situated immediately over one an- 
other ; usually there are two, bat more occur in some plants, as 
in the Walnut and Honeysuckles, where a series of three, four 
or five buds may be observed, which in the first increase in size 
from below upward; in the second in the contrary directioo. 
Sometimes the accessory buds are placed side by side, and then 
it appears as though each stipule produced a bud beside that be- 
longing to the petiole. This is the case in Willows and Poplars, 
and is the origin of the little branches that shoot oat for a time 
in pairs from the recently cut logs of such trees. 

185. The multiplication of buds most frequently consists in 
the production of those which have been alluded to as adoaUi' 
iious or lateral buds. 

All the cellular portions near the surface of a stem appear to 
have a tendency to organize into buds when any local cause 
excites the vitality or accumulates the nutritive juices. Besides 
the stem, we find other parts, such as roots exposed to the air 
or leaves which are more or less fieshy, producing these buds 
either on their borders {BryophyUum txtlydnum, Malaxia pitiudon, 
VIII. fig. 10), or even on the surface {OmithogaJum thyrsoideum, 
VIII. ^v;, 11). They maybe produced artificially by ligatures 
or wounds, which arrest the juices and cause turgescence of 
the parts operated on. Their form differs from that of normal 
buds; they are not so large, and do not possess the external 
system of leaves transformed into protecting scales. Produced 
while the plant is in active vegetation, they are at once developed ; 
they generally make their first appearance as little excrescences, 
which, after becoming slightly elongated, acquire leaves. Those 
which occur upon leaves much resemble the bulbels (§ 181.>> 

186. Peculiar structures are sometimes developed in the sub- 
stance of the cortical parenchyma, those bodies which in the first 
condition are called nodules. They have also been termed embryo- 
buds. They occur in the bark of certain dicotyledonous trees, such 
as the Cedar, Beech and Hornbeam, in the form of irregular sphe- 
roids of a woody consistence. The centre is occupied by pith, com- 
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pletely enclosed in a woody layer traversed by medullary rays 

(VIII. fig. 12) ; a new layer is developed every year, and as many 

as twenty-five have been noticed. The ligneous mass increasing 

in all directions often reaches the wood of the tree, with which it 

becomes blended, forming what is vulgarly called a knob, which 

may then be complicated by the double growth of the woody axis 

and the nodule. When several nodules, distinct at their summits, 

meet as they approach the surface, they form a large rounded 

projection, known as an excrescence. Sometimes they give off a 

branch which seldom becomes much developed, but suffices to 

indicate the analogy to adventitious buds. 

187* Although the developments of the stem may be situated 
beneath the surface of the ground and produce adventitious roots, 
and, on the contrary, roots become aerial and by the development 
of adventitious buds acquire leaves, we are enabled, from the 
foregoing considerations, to fix upon characters by which roots 
and stems may always be distinguished. Stems are known by 
their always producing buds in the axils of leaves, arranged in a 
regular manner ; the leaves indeed vary in appearance very con- 
siderably, their size, form, colour and consistence being liable to 
modification ; but the regular arrangement and the nature of the 
buds always characterize a true stem ; their absence, a root. 

There is occasionally some difficulty in determining the point, 
as in such subterraneous branches as those which form the tubers 
of the Potato. The expansion of the branch here closely resem- 
bles the expansion of the roots in the tubers of the Dahlia, &c. 
The eyes, as they are called, are however true buds, which de- 
velope branches above ground ; while the aerial buds may be 
made to form tubers by burying them in the ground. 

188. When a stem rises in the vertical direction alone, and has 
acquired a certain magnitude, we distinguish the lower portion 
or trunk destitute of foliage, and the upper portion, the head or 
cyme, covered with leaves. The bare condition of the trunk re- 
sults from the abortion of all the axillary buds, as in the Palms, 
for the stems of which the name of stipes has been proposed. 
An approach to such a condition may arise from the incomplete 
development of the lower buds or the fall of the branches. In 
cultivated lands we see examples in lopped trees of bare trunks 
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thus produced by the hand of man. When the growth of the 
main tin ok has been arrested by the removal of the terminal bad, 
the trunk is short and thick, as is seen in pollard Willows, &c. 

189. Plants sometimes appear to possess several stems, since 
the inferior branches arise at or below the surface of the ground, 
and taking an erect position, acquire almost an equal degree of 
development. These lateral branches which acquire adventitioos 
roots are removed by gardeners under the name of suckers (surculi), 
and planted as distinct individuals. Some tropical trees, as the 
Ficus indica or Banyan, send down shoots perpendicularly from 
their lateral branches, which reaching the earth bury themselves 
and form adventitious roots. 

190. Trees are divided into several classes, according to the 
size they acquire at the termination of their growth. When a 
plant exceeds many times the height of a man it is called a tree 
(arbor), with the diminutive {arbuscula) where it does not exceed 
more than five times. Not exceeding three times the height, and 
branching below, it is called a shrub (Jrutex), with the diminntiTe 
(fruHcttlus) ; an under-shrub {suffrutex) does not exceed the 
length of a man's arm. If the under-shrub is low and branches 
much at the base, it is called a bush (dumus, dumetum). The ad- 
jectives arborescent, firutesceut, suffiruiescent, and bushy (dumetosus) 
are used in the same sense as the substantives from which they 
are derived. 

191. If the stem cannot support itself, it becomes, if lying 
upon the earth, procumbent; if adhering to some erect body> 
climbing or scandent. Climbing stems may either be rectilinear, 
as the Ivy, or they may curl round their support, receiving the 
name of twining stems, and describing spirals which turn regu- 
larly to the right {dextrorsum), as in the Hop, or to the left 
{sinistrorsum), as in the Convolvulus ; or first in one direction 
and then the other, irregularly and at intervals. In temperate 
climates most climbing stems are herbaceous, although some are 
woody and acquire appreciable size, as the Honeysuckle, Cle- 
matis, and especially the Vine. 

These are analogous to the Lianas, Menispermaceous and 
other trees occurring in the tropics, which twine round and reach 
the summits of the loftiest trees, then return upon themselv<» 
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or in a straight line, passing either from branch to branch or 
from tree to tree, binding them together and frequently killing 
them by the constrictions they form. In this irregular course 
they lose all regularity of arrangement of organs, and the leaves 
are often far distant from each other and from the flowers. 

192. The ramification influences the general figure of the tree 
in various ways not yet alluded to. If the branches pass o£f at 
a aharp angle, they become nearly erect (recti) ; if at an obtuse 
angle they spread out (patentes), examples of these two being 
presented by the Poplar and the Cedar. In trees which are. called 
pendulous or weeping, the branches, long and weak, fall by their 
own weight into a reverse position, as in the Weeping Willow. 
The patent branches sometimes arise near the level of the ground 
and spread horizontally, forming a close, dense expansion, as in 
some species of Mespilus, The relative length of the upper and 
lower branches abo modifies the figure of the tree. 

193. Dicotyledons present us with the greatest number of 
true stems attaining in trees all the development of which they 
are susceptible, and usually much branched above. Perennial 
herbaceous plants offer examples of lateral and horizontal de- 
velopment. 

These substitutions occur in the majority of the Monocotyle- 
dons, as in bulbs and rhizomata. When the true stem attains 
great development it is usually unbrancbed. 

Acotyledons do not come within the same laws, since they have 
no true bud or gemmule in their embryo. Among them occur 
the only true subterraneous stems, as in Ferns and Marsileacese. 
When the stems ramify it is by a double terminal bud, and is 
consequently a kind of bifurcation. 
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Chap. VII. PHYSIOLOGY OF VEGETATION. 

194. Having now become acquainted with the general stntc- 
tare and arrangement of those organs on whidi the maintenance 
and development of plants depend, we are in a condition to take 
a comprehensive view of the processes in which their Titalitv 
manifests itself, and to estimate the physiological importance of 
the various parts which we have hitherto examined chiefly with 
reference to their anatomy and special or individual fhnctions. 

The vital processes are so intimately connected, and so greatly 
depend upon each other, that divisions into distinct classes or 
systems of function must be in a great measure artificial. Bat 
an arrangement sufficiently natural may be found by taking the 
phseoomena in the order of their succession in the life of the plant; 
these indeed move, as it were, in a circle ; the highest functioD, 
development, being at once dependent on and reproducing those 
of absorption and respiration ; but since tUtsorptum must precede 
all else, and is that function which is most particularly dependent 
upon external circumstances, it affords a convenient starting- 
point. Next in order will follow the circulation, or to speak 
more correctly, the distribution of the fluids absorbed, bringing 
them within tJie influence of respiration and asnmlatian, to render 
them fit materials for development and secretion. The term nu- 
trition does not appear to be applicable to any process in vege- 
table life. Unlike animal organisms, where absorption is con- 
tinually removing effete structures, to be replaced by the nutritive 
powers, the organs of plants are produced by development, which 
continues up to a certain point ; the organ after this merely acts 
in consequence of mechanical structure, and when effete dies and 
decays. In plants all is growth, as distinguished from the repro- 
duction of removed or decayed parts, which is the office of the 
nutrition of animals*. 

* Of course this generalization does not apply to ultimate or elc- 



ABSOftFTION. 97 

Absorption. 

195. From ^hat has already been said with regard to pecoli- 
Arities of cell- membrane producing the phsenomena of endosmose 
C$ 70.), it will readily be seen how perfectly the structnre of the 
fibrillse of the roots (§ 1290 is adapted to the absorption of the 
fluids around them. The nature of the development too of the 
radical tissues, the root always growing by its extremity (§ 136,), 
coDtinually furnishes fresh cells in the most favourable condition 
for absorption. The absence of epidermis, that denser and more 
impermeable layer of tissue which is produced in other parts to 
moderate the transmission of fluids, is another important con- 
dition in the absorbing extremities ; the delicate eptbhrna (§ 65.) 
by which young roots are clothed being composed of cells which 
liave lost none of their absorbent power, while their apposition 
as a continuous layer guards against the entrance of solid matter 
into the cavities of the internal parenchyma. The roots absorb 
only fluid, and all substances which afterwards present themselves 
in a solid form within the cells, such as crystals, &c., must have 
entered the plant in a state of solution. Experiments have been 
made, placing the roots of plants in water containing finely pow- 
dered solids, such as charcoal and colouring matters ; these were 
always found to accumulate upon the surface of the root, but 
never to penetrate the tissues. 

196. Although roots thus reject all solid matter (and this is 
most probably a simple mechanical necessity), they do not appear 
to have any power of selection ; they absorb poisons as readily 
as innocuous or beneficial fluids. Difference of the relative den- 
sities of fluids, as would follow from the recognition of endos- 
mosis as the agent of absorption, is the only circumstance which 
requires any manifestation of preference by the absorbing sur- 
faces. 

CiaCtTLATION. 

197. The processes which have received the name of circuia- 
tiom in plants are of two kinds ; to these a third is added by 

mentary tissues, but to those assemblages of structures for a special 
function commonly known as mrgam. 

o2 
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some physiologists ; but the existence of this, as I have alreadr 
had occasion to remark (§ BO,), appears to be a hypothesis baaed 
upon imperfect observation. 

The simplest kind of circulation is that which has been de^ 
scribed as the motion of the cell-contents (§ 77-)' This has 
received the name of rotatum, and little more is known concern- 
iog it than the simple fact of its existence. M. Datrochet has 
shown that it is evidently independent of the mere physical forces, 
such as electricity^ heat, &c., and that these only affect it as sti- 
mulants. He has recently shown that the currents in the circu- 
lation of Chora have nothing in common with electric carrents, 
since they remain unaltered within the influence of electro- 
magnets of enormous power. 

198. The circulation more particularly to be examined in this 
chapter is that motion of the fluids absorbed by the roots, by which 
the food of plants is conveyed to the organs of respiration and 
development, and which is called the circulation of the sap. This 
name is objectionable in some respects, as it indicates a kind of 
analogy to the circulation of the fluids in animals. Plants pos- 
sess no proper vessels within which a true circulation, maintained 
by a propelling organ or heart, takes place. The motion of their 
fluids must be looked upon rather as a process of dislribution, 
and the immediate cause consists in the tendency to equilibrium 
of density involved by the laws of endosmosis and exosmosis. 
In the higher classes, those plants which possess ducts and ves- 
sels (§§ 56-60.), another physical agency comes into play, which 
is the force called capillary attraction. It is known that in deli- 
cate tubes which have their extremities immersed in a fluid, the 
level of the fluid within the tube becomes raised above that of the 
fluid without, and this in a ratio proportionate to the calibre of 
the tubes. In the capillarity of the ducts, and in the endosmose 
consequent on the increased density of the fluids as they approach 
toward the seat of the evaporative process, we have sufllcient 
causes to produce the rise of the sap ; and the existence of these 
two causes is capable of direct experimental proof. 

199. But we have not here an explanation of the impulse which 
causes the great acceleration of the movement of the sap in spring. 
During the winter the fluids remain to a great ext^it in a state of 
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:quiUbrium, and the vitality of the plant is comparatively dor« 
nant. Why is this ? An inquiry into the condition of the organs 
ind the contents clearly brings all into relation with the laws of 
capillary attraction and endosmosis. 

In the vnnter all the evaporating surfaces are carefully closed 
ap and protected by organs, often containing secretions pecu- 
liarly adapted for the purpose (§ 171 •)« which effectually seal them 
up, as it were, and defend them from the influence of external 
circumstances. Here capillarity clearly cannot act until the upper 
extremities of the tubes be put in relation to the atmosphere. 
Fluids do not rise in capillary tubes closed at the top. 

The cells however of the buds, of the pith in the neighbourhood 
of the buds and in other situations, are not then filled with dense 
fluids, but with watery juices coniammg nuoluble secretions, such 
as starch, fixed oils, &c., which are stored-up nutriment. The 
heat and moisture of spring produce the decomposition of these 
secretions, and the starch, oil or other substance becoming 
converted into dextrine and sugar, the cells are thus filled with 
dense mucilage and syrup. Here then is a sufficient cause for 
a strong endosmotic action to be set up, since this is not subject 
to the same statical laws as capillarity. Development is almost 
simultaneous, and evaporation quickly follows; the capillarity 
is then free to act, and the two forces are kept in vigorous action 
by the rapid development of structures and consequent evapora- 
tion of water and liberation of oxygen which take place. 

A striking instance of this influence of the buds over the move- 
ment of the sap is seen in cases where a single branch of a vine 
is introduced into a hothouse, where development, taking place in 
the buds of that branch alone, produces a current firom the root. 
The revival of drooping cut-flowers, when placed in water, exem- 
plifies the action of the capillary tubes in the stem ; the evidence 
of this, as opposed to the notion of the effect being produced by 
mere endosmosis, is given by the fact that it is so advantageous 
to make a clean cut across the end of the stem, so that the extre- 
mities of the vessels may be opened without laceration. 

The effect of heat, the hygroscopic state of the atmosphere, and 
the sun's light, upon the circulation, will be most conveniently 
treated in speaking of the respiration and assimilation, since it is 
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through these processes, added to evaporation, that the effect of 
the above agents becomes indirectly exerted in the ciicolatioiL 

200. We have hitherto regarded the sap merely as moving in 
an ascending current, rising from the roots and making its w&y, 
which it does chiefly through the Mumum (§ 1 16 J), to the bods 
and leaves. But the movement does not cease here; this is merely 
a critical point in its course, and subsequently it passes down 
ag^, particularly in that layer of developing tissue which is 
called the com^tiim (§§ 60, 108.)« as the material out of which all 
new structures are to be formed. It is difficult to define deailj 
the nature of this descent of the elaborated juices. It is probable 
merely by the force of gravity that it supplies the material fortbe 
filling up of old ducts and cells, such as those of heart-wed 
(§ 116.)» since these are closed at their base by new envelopin; 
layers (§ 129.)> s^d are no longer in a position to be coDceroed 
in the capillary attraction. In the cambium it is probable tbit 
gravity exerts considerable influence ; the connection of the phe- 
nomenon with endosmosis is not so evident, since it is not io ac- 
cordance with the laws of that force that a prevailing cnncot 
should take place into cells the contents of which are contiDoally 
becoming thinner, by the deposition of solid matter from the pro- 
toplasms, until this last almost entirely loses its mucilaginoo* 
character and remains as an investment of the cell- wall. That 
the descending current does take place all evidence shows, and 
it is a necessary consequence of the situation of the orgaiuof 
respiration. How, and why it does so, we must be content to 
ftfimit our ignorance of at present. 

201. The so-called cyclosis or circulation of the latex has al- 
ready been alluded to as a fallacious hypothesis. The groQiMh 
on which I take this view of it are, an elaborate examination <n 
the subject by Mohl, who came to the conclusion that the motion 
was a mere result of fluids gravitating in the reservoirs, ronniBS 
out when the ends were cut. I have carefully repeated the ob- 
servations in several plants which have been stated to exhibit 
this phasnomenon, with the same results. 

RaSPXRATION AND ASSIMILATION. 

202. The respiration of plants, like that of animals, is accom* 
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panied by a large amoant of exhalation. Tliis exhalation, the 
evaporation of water, which has been alluded to as one of the 
chief agents in maintaining and regulating the absorption of nu- 
triment by the roots, is of course subject to great modification, 
from its close relation to and dependence on external conditions, 
such as the dryness or humidity of the surrounding atmosphere. 
The most important influence however is exerted by light. It 
has been ascertained that the amount of exhalation taking place 
in the ahade, at a given temperature, is very much less than that 
occurring at an equal or even much lower temperature in the 
sunlight. Hie vapour exhaled is not always that of pure water, 
but may contain various proportions of the gases present in or 
liberated from the tissues of the plant. 

203. Evaporation takes place almost entirely through the sto- 
mata (§ 66.) ; the epidermis, excepting in its earliest condition, 
being evidenUy designed to prevent general exhalation from the 
snrftice. Exhalation is therefore most abundant from the lower 
surfaces of leaves. 

It has been sometimes imagined that leaves also possess the 
power of absorbing fluid, especially in those plants which live 
for a long time without roots. But these plants are always very 
succulent, and at the same time are provided with very few sto- 
mata ; the juices being retained within their tissues are sufficient 
to support them for a considerable period. The cases of plants 
famished with numerous stomates living a long time immersed 
in water are explained by the fact that evaporation is prevented, 
and thus again absorption is not so immediately necessary. It 
may be assumed that absorption is never, or at least but seldom, 
exercised by leaves in a normal condition. 

204. The structure of the so-called spiral vessels of plants 
(§ 54.), so closely resembling in a cursory examination the respi- 
ratory tubes of insects, led the earlier physiologists to suppose 
that they were the organs chiefly concerned in the respiration of 
plants ; hence their name, trachete. If this cannot be proved to 
be a mistaken view, it may at least be shown that it is very im- 
probable. 

In the first place, true spiral vessels have closed conical extre- 
mities, and their position in the stem is such as to remove them as 
far as possible from the influence of the air, as is the case in the 
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leaves, where they are in the neighbourhood of the upper face, 
which 18 provided with the fewest stomates. In their earlier, 
developing condition they are filled with fluid, and subsequently 
their analogy to the other modifications of vessels forbids our 
attributing any special function to them. It appears most pro- 
bable therefore that their office, like that of the other vascular 
and fibrous tissue, is to give strength to the parenchyma, and 
they are peculiarly adapted to the requirements of the tissue in 
which they are found. Their structure is that which gives the 
greatest strength and elasticity consistent with lightness. This 
is a sufficient explanation of their predominance in those paits 
where the tissue is most delicate and the growth most rapid. 
The medullary sheath is of course, in this view, regarded ai 
adapted peculiarly to the early, developing condition of the pith. 

The statement that the spiral vessels contain a larger propor- 
tion of oxygen than is present in atmospheric air, if founded on 
fact, is evidence that they are not concerned in respiration, since 
it would show that the law of diffusion of gases is interfered with 
in some degree, and that the oxygen liberated in the more internal 
portions does not pass freely out and become mixed with the at- 
mosphere. 

The analogy attempted to be drawn from the resemblances 
between spiral vessels and animal trachese becomes still less 
worthy of consideration when we find one so much clearer in the 
apparatus connected with the stomata. Tliese orifices are not in 
any relation with the spiral vessels ; on the contrary, they are in- 
variably developed in the areolae or interspaces between the nerves 
of leaves, and open an ample system of communication between 
the parenchyma and the external air. The passages from the 
stomata are continuous vnth large lacunae in the leaves (§ 139.), ' 
and these again communicate with the general intercellular S3r8tein 
of the plant. The law of the diffusion of gases, so graphically 
stated by Dalton, — " One gas acts as a vacuum with respect to 
another," — is fully sufficient to explain the physical portion of the 
respiratory process. 

205. The respiratory process must at the same time be regarded 
as a process of digestion, and consists of a chemical decompo- 
sition of the substances absorbed by the plant, in which these 
substances lose a certain portion of their oxygen, which is sepa- 
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rated in a free condition, while the remaining elements being in 
wliat chemists term a " nascent" state, combine to form new 
compounds of a very peculiar character. The production of these 
compounds differs from all other chemical phaenomena we are 
acquainted with, in the fact that they can only be formed in living 
tissues, and they are therefore called organic compounds, 

206. Respiration takes, place chiefly in the leaves, but is also 
participated in by the herbaceous stems and all green parts. The 
stimulus upon which its activity is immediately dependent is light. 
The disengagement of oxygen takes place most rapidly in the full 
light of the sun, and this agent therefore regulates the intensity 
of the green colour of the tissues, as well as the development of 
all those structures and secretions which are dependent on the 
assimilation of carbon for their production. 

207* The importance of the respiration of plants may be esti- 
mated from the statement that it is the only known process by 
mrhich the oxygen continually abstracted from the atmosphere by 
the animal world by their respiration, and by the mineral world 
in the constant processes of oxidation which are there going on, 
is restored in a free condition. Even plants after their death are 
continually abstracting oxygen from the air, to be restored by 
their successors. 

Again, it is in the tissues of plants alone that inorganic or 
mineral substances can be combined into those products which 
are called organic substances ; therefore animals are wholly de- 
pendent upon plants for their subsistence. It is in the process 
of respiration that the assimilaHon (as the production of these 
organic substances is called) takes place, and the immediate pro- 
duct appears to be that mucilaginous matter or protoplasma 
<§§ 13, 71*) from which all the tissues and secretions are elabo- 
rated. It has been asserted that plants cannot be sustained by 
organic nutriment. This is stating the question too broadly, as 
is evident when we regard the nature of the growth of the various 
parasitic and infusory Fungi, and even that of the parasitic plants 
of the higher orders, as Monotropa, Ctacuta, &c. These plants 
exhibit little or no trace of a respiration like that of the green 
plants. Their food is the already assimilated matter with which 
their tissues come in contact, and they must be regarded as de- 
riving their support from the organic matter surrounding their 
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absorbing surfaces, precisely in tbe same way as in the higher 
plants the embryo or the bad is nourished by the secretions stored 
up in the cells of the cotyledon or analogous parts until it has 
become funushed with respiratory organs, and can itself fix car- 
bon. In the development of the Yeast Fungus, carbonic add is 
given off exactly as in the germination of a seed, and this not a 
process of respiration, but of development. 

A distinction therefore must be taken between the process of 
respiration, in which the liberation of superfluous oxygen takes 
place, leaving tbe other elements combined in an organic or assi- 
milated condition, and that process in which the assimilated 
matter is again chemically altered by the oxidation of a certaia 
amount of carbon, which is liberated as free carbonic add in 
plants unprovided with leaves, but under most circomstances 
decomposed again by green plants. 

208. Green plants which fix carbon in their chloropfaylle are 
said to be the only agents by which inorganic can be converted 
into organic substances, but the organic matter which is thus 
obtained is not immediately available for development; it is 
oxidized and converted into sugar, dextrine, &c., which again 
must combine with nitrogen and pass through the condition of 
protoplasma, the proteine compound which secretes or separates 
from itself all new structure (§§ 40, 41.). It appears more pro- 
bable, especially when we consider the development of the dilo- 
rophylle granules (§ 37»)» that the production of that highly car- 
bonized substance is the result of a very high development of the 
respiratory process. For we are led from observation to believe 
that chlorophylle granules are produced from starch granules, 
while the latter are apparently developed by the protoplasma or 
mucilage. The process of respiration or assimilation therefore 
will, in this view, consist of the production of a proteine com- 
pound, by tbe agency of light, from the crude juice consisting of 
water holding in solution carbonic acid and ammonia. When 
the light is freely admitted to act, as is the case in the usual con- 
dition of plants, the assimilating process preponderates in activity 
over the developing power, and the excess of nutriment not being 
required for immediate use is deposited as starch instead of cel- 
lulose ; the deoxidating process still continuing, this starch, also 
receiving in the process a small quantity of nitrogen, becomes 



RESPIRATION AND ASSIMILATION. 105 

clilolrophylle. Should the light be intercepted now, we shall 
have a retrogressive series of processes ; the chlorophylle will 
disappear, since the respiration is reduced to such a low degree 
that all the carbon is required for development ; the plant con- 
tinues to grow for a time, its tissues weak and succulent, till all 
the assimilated carbon having been consumed in the production 
of new structures, the plant dies of starvation. This is the case 
i^hen light is toiaUy excluded, but a very small quantity of light 
is sometimes sufficient to produce sufficient respiration to main- 
tain a low degree of vitality. Under such circumstances the per 
centage of solid matter in the structures is very small, and little 
or no chlorophylle is formed. The peculiar secretions, usually 
rich in carbon, such as oils or resinous matters, are but very spa- 
ringly produced. An example of this is offered in the etiolation 
of kitchen herbs by gardeners. 

The production of the green matter is therefore a mere result of 
the liberation of oxygen, and not the cause of it. The degree of 
itai development is in direct relation to the intensity of the light, 
which governs the activity of the respiratory process ; and if 
we cannot explain why plants grow toward the light, we. can see 
the purpose for which they are so constituted as to do so, since 
it is absolutely necessary to the continuation of their existence ; 
without light they die of starvation. 

209. In germination and in the development of a bud of any 
kind, whether from a bulb, a tuber, or the growing points of a 
stem, the young plant at first depends on the nutriment stored 
up in the neighbouring parts for its support. The ternary com- 
pound, starch, fixed oil, or whatever it may be which has been 
there secreted in an insoluble form, becomes soluble, as dextrine or 
sugar, and combining with the proteine compound (§ 13.) which 
is always present in cells capable of reproduction (§ 34.), forms 
the protoplasma which deposits it again in the form of cellulose. 
The permanent tissues being thus composed of the ternary com- 
pound, the nitrogenous matter is not exhausted by development, 
but continually passes onward with the growing tissue, com- 
bining with fresh carbon and water which, after the development 
of the roots and leaves, are supplied by the process of absorption, 
the oxygen of the absorbed carbonic acid being liberated in the 
process of respiration. 
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210. It is not clear under what circumstances the secondary 
layers of old tissue are deposited. We no longer find in then 
the dense protoplasma which secreted the primary layers. It is 
probable however that they receive their additional layers from a 
proteinous fluid of the same kind, which being in a more dilute 
condition is not so readily recognized. 

Sbcrbtion. 

211. The formation of the peculiar secretions, such as the es- 
sential oils, resins, &c., the alkaloids, acids and saline compounds, 
are, as was stated in a preceding chapter, little understood. The 
production of wax upon the epidermis frequently takes place, and 
this is evidently analogous to the production of cfaloropfaylle. In 
the latter case we have seen that most probably ^rax is produced 
from starch by the liberation of oxygen ; to explain the former, it 
is only necessary to substitute cellulose for starch. 

212. That peculiar secretion so abundant on the surface of 
such ConfervK as Nostoc and many filamentous genera, investing 
them with a kind of slimy coating, is nothing more than the dead 
and decomposing outer layers of the cell-membrane*, and is 
therefore represented in the higher plants by the intercellular 
substance (§ 83.). 

213. It does not appear that plants produce any other secre- 
tions besides those required for the various processes connected 
with their own vegetation or reproduction. The opinion that 
plants excrete substances by their roots appears totally without 
foundation, and is now generally rejected. The real reason why 
a particular plant cannot be grown in the same spot for an inde- 
finite period is, that the soluble portion of the mineral constituents 
required by the plant are all removed. Certain mineral sub- 
stances are necessary to the growth of plants, the phosphates to 
the Cerealia, silica also for their epidermis ; salt to all the sea- 
shore plants (which are found also about salt-springs) ; and if 
the soil be exhausted of these matters, it is evident that the plants 
will not flourish. 

* Like the mucus of animals produced by the debris of epithehmn 
cells. 
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Chap. VIII. REPRODUCTIVE SYSTEM OF FLOWER- 
LESS PLANTS. 

Sect I. THA.LL0PHTTE8. 

* Alga. 

214. In the simplest form of the reproduction of plants, we 
find an illustration of the general fact, that the lower we descend 
in the scale of organization the more independence does the in- 
dividual cell possess* and the greater number of functions does it 
exercise. 

The Chkrocoecua, which has already been alluded to (§ 32.) 
as consisting merely of a single cell, affords us an example of the 
multiplication of the number of individuals of a species by the 
direct division of the parent-cell into four new cells. Each of 
these* like the parent, is at once endowed with the power of 
vegetation, growing by the assimilation of the nutriment in con- 
tact with the exterior of its walls, and capable of producing a 
new generation of individuals by the process of self-division. 
The actual nature of the process of the formation of the septa 
which constitute the walls of the new cells is at present involved 
in obscurity ; the minute size of the plant and the dense mass 
of granular matter which it contains rendering it exceedingly 
difficult to draw a satisfactory conclusion from direct observation 
of the phsenomena presented. In Plate L fig« 8. is represented 
the Chlorococcua in various stages of its existence, and from ana- 
logy I am inclined to interpret these appearances as indicating 
the production of septa in the manner I described in speaking of 
cell-formation (§41.). If this be really the true view, it is pro- 
bable that a layer of membrane i& formed all over the interior 
surface of the parent-cell contemporaneously and continuously 
with the membranes forming the septa, and that the separation 
ensues upon the subsequent destruction of the external layers of 
the membrane of the parent-cell by decomposition. In many of 
the Nostochinese these decomposing membranes becoming blended, 
persist as gelatinous envriopes enclosing a number of individual 
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cells (IX. fig. 1.). In the Diatomaces^ however* there a «> 
indication of a destruction of the cell -membrane, or of tbe sili- 
ceous lorica of the parent ; here a septum is produced wbick 
divides the parent-cell into two halves, these subseqaentty be- 
coming wholly or almost wholly detached by a direct fissure, io 
either case constituting distinct individuals (IX. fig. 2.)- 

215. In the Confervse we find an advance in organizatioii, 
these plants consisting of filaments composed of cylindrical ceik 
applied end to end. The mode of growth is an elongation of ^ 
filament by the indefinite division of the cylindrical cells, eitk 
by simple transverse septa, or as in the branching kinds, by tbe 
formation of lateral branches^ which in like manner subsequentlj 
become distinct cells by the production of septa (IX. fig* ^i^ 
In the first case this growth may be confined to the tennin^ 
cell or may be interstitial. The reproduction is effected by toeuB 
of spores, which are cells developed within the cavity of the celb 
of tiie parent plants subsequently becoming free and prodocuy 
new individuals. 

216. In Vaucheria the production of the spores takes place ib 
cells situated at free extremities of the filaments ; in Prolffera any 
of the cells may serve the office, but the process is qipamitly 
identical in the two cases. 

When a spore is about to be formed in Vaucheria, the termiov 
cell undergoes division in the usual manner; the new tenninv 
cell however soon becomes swollen so as to acquire a clavate 
form, is densely filled with granular matter, and finally it bursts 
at the apex and discharges the spore (IX. fig. 4.). The spoia 
of Proltfera appear to be formed in the same manner, bat ait 
produced in cells situated at various distances along the Bameat; 
the growth therefore is in this case interstitial, and the filaiDeot 
necessarily becomes broken across at the articulation to allow of 
the escape of the spore (IX. fig. 5.). 

It is in the spores thus formed we are presented with those 
remarkable phaenomena of motion which have been alluded to ifl 
a former chapter (§ 78.). In Plate II. fig. 25. are represented 
ciliated spores from Vaucheria and Prolifera, which after {iJ^ I 
it is said, before) making their escape from the parent-cell b&^' 
an active spontaneous motion ; in tJie course of a few boors this 
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and they he^n to germinate^ dongating and undergomg 
division by septa in the usual manner. 

217- In Zygnema we meet with another singular fact, which 
as yet remains unexplained. This plant consbts of filaments 
cooiposed of rows of cells, which cells at a certain period bud 
out laterally, and coming in contact with similar buds on con* 
tiguous. filaments, unite with them and the septa become ab- 
sorbed, so as to open a free communication between the cells of 
the two filaments. The granular contents of the cells then pass 
across from one cell to another, and accumulate in masses 
which form the spores (IX. fig. 6.). This conjugation, as it is 
called, has been supposed by some authors to be a process of 
impregnation, and indicative of sexes in these plants ; but this 
is shown to be groundless by the fact, that the conjugation is 
not essential to the production of spores, since thne may be 
formed in the papilUe or lateral branches which have not united 
with others, and even in cells on which no papillae have been 
developed. 

218. It has been stated (^ 314.) that Nostochineae become free 
by the decomposition of the external layers of membrane, that 
is, the membrane of the parent-cell. But in the case of free 
spores formed within, and becoming discharged from the cavity 
of the parent-cell, it is evident that there must be some difference 
in the nature of the processes of development« This is a point 
which presents very considerable difficulty and which requires 
much further investigation. The only explanation which meets 
all the facts respecting this formation of free« spores is, that the 
primordial utricle (§ 34.) enclosing the cell-contents, after the 
production of a septum, in the usual manner (( 41.), by which 
the cavity of the parent-cell is isolated, becomes detached from 
the cell- wall. This external cell- wall then receives no new de- 
posits of thickening layers, but grows by intus-susception ; layers 
of cell-membrane are at the same time produced on the outer 
free surface of the primordial utricle. The parent-cell frequently 
enlarges more rapidly than the spore, so that a perceptible in- 
terval becomes visible between their membranes. This view 
corresponds with thatof Nageli (§ 40.) in the main, but I believe 

II 2 
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that the division of the primordial utricle, where two ot more 
spores are produced, takes place gradually by a folding inward. 
219* In Achlya proltfera, Uoger has described an instance o( 
the formation of a large number of spores in the terminal cell 
(IX. fig. 70 • Here the first sign of the prodaction of spores b 
a reticulated appearance of the granular cell-conteRts» the areols 
of which correspond to the cavities of the future spores. Sub- 
sequently these become evident as distinct cells of irregular form, 
resulting from their mutual pressure in the confined space of the 
parent-cell. The parent-cell afterwards expands naore rapidlf 
than the spores, and thus affords space for the latter to aqoii^ 
the spherical form and freely to manifest spontaneous motioo 
like that of the spore of Vaucheria, When mature they bunt 
through the wall of the parent-cell at its apex, and " swim" 
about actively in the water for some hours. 

220. The fructification of those Algae which consist of a fron- 
dose cellular expansion appears at first sight to be much more 
complicated than those we have hitherto considered ; but vben 
its various forms are examined in relation to each other, it be* 
comes apparent that they may be resolved into modifications of 
the primitive type ; the apparent complexity resulting from a 
multiplication of parts more than from a higher degree of dev^ 
lopment. 

In the Ulvaceae, which consist of a flat expanded layered 
cells, the reproduction is effected, as far as it has been bitheito 
made out, in certain of the common ceils of the frond whicb 
produce four cellules or spores in their interior (IX. fig- S) > 
these probably escaping by the decomposition of the wall of tbe 
parent-cell, since the frond in general has a coating of thatgeb- 
tinous matter already alluded to (§ 212). 

221. The Floridese, which otherwise manifest characters o^ 
A higher rank, for instance, in the diversity of form, and con- 
sistence and permanence of their structure, have the reproductive 
oflSce restricted to particular portions of the frond. The sp<f^ 
t^arps or cells in which the reproductive cellules or spores are 
developed, are aggregated in groups in the interior of ccet^ 
organs called conceptacles. These consist in some cases of ca* 
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ities in the parenchyma of the frond snbseqaently communi- 
Ating inrith the external surface, and in others of capsules borne 
ipon one of the faces of the frond, or at the apex of certain of 
ts branches (IX. fig. 10.). The sporocarps consist of elongated 
sells in which are formed the spores, varying in number, some- 
bin&es two, most frequently four, and occasionally some multiple 
of that number* These spores are apparently developed exactly 
in the same manner as those of the Confervaceous Algse, but in 
many cases we find, intermingled with the true sporocarps, pe- 
culiar bodies which have been called ontheridia. The nature of 
the antheridia, which we shall meet with again in the higher 
Cryptogamia, is at present quite unknown. From the re- 
searches of Decaisne and Thuret however, we have the assu- 
rance that they do not produce reproductive bodies. They 
consist of filaments composed of rows of cells, of which the ter- 
minal one expands so as to acquire a clavate form, subsequently 
bursts and discharges a number of those spiral filaments (§ 45.) 
which have been called spermatozoa by some writers. Since these 
are not zoospores (§ 216.), there is a foundation to the opinion of 
Schleiden, that Ihey are mere mucilaginous secondary deposits, 
and that their apparently spontaneous activity is mere molecular 
motion ; and if the description above given of the zoospores of 
the Coafervaces (§ 216.) be correct, there is no analogical con- 
nection with them, although both require much further inves- 
tigation. 

In Ctenodtu BiUardierii (Florides), according to M. Montague, 

the sporocarps are produced on the walls of cavities excavated in 

the branches of the frond (IX. fig. 90* being the terminal cells of 

the filaments forming the general parenchyma. In Delisea, the 

same amthor represents some individuals with conceptacles (IX. 

fig. 10, a) bearing only organs resembling antheridia, others with 

what he calls tetrasporophores (IX. fig. 10, &), which consist of 

expansions of cellular tissue clothing papillae, occurring in the 

^ame situations upon the frond as the conceptacles ; some of 

these cells become sporocarps, others remaining sterile. The 

sporocarps vary in form from spherical to clavate. The spores 

of the former separate crucially like the spores of the Hepaticse, 

9k, ; iA the clavate sporocarps the spores are arranged in a linear 



112 RBFJIODUCTIOir OF Ah6M. 

series. In Lemrmamdia, conceptadcs resembliiig thoee of Ik- 
Itfta (IX. fig. 11.) produce sporophores. 

222. The fnictification of the Fncacee czhibitB a doM anslogf 
to the above, and is eantained in large davate expansicMis (reo^ 
taele§) at the extremities or borders of the branches of the froad. 
The conceptacles are cavities in the snbetance of these recq»- 
tacles, and communicate with the exterior when mature ; diey 
contain both sporocarps and anther idia (IX. fig. 12.)* 

223. I am inclined to doobt the validitf of the diatinctioo be- 
tween the antheridia and sporocarps, regarding the former merely 
as examples of that exceedingly common occnrrence amon^ 
plants, namely arrest of «pectai development. 

224. The Characes, which are now generally r e ferred to xtii 
order, present a very peculiar form of reproductive organs. They 
are of two kinds ; one which is called the nucule, and is definitelf 
ascertained to germinate and produce new individuals ; the other, 
the globule, as to the nature of which we are quite in the dark. 
According to the researches of K. Mtiller, the nncale (DL 
fig. 13, a) is essentially a bud, developed in the axil of a pair of 
cells upon a lateral branch, and consists of a large central cell 
containing granular matter, surrounded by five elongated ceUs 
wound spirally round it ; its summit is crowned by five otha 
cells. The central cell, which is called the spore, is filled with 
granular matter and invested by a dense membrane, the spore- 
case ; in germination the spiral and terminal cells decays leaving 
the spore free ; the latter then elongates and grows by the for- 
mation of a succession of cells at the apex. 

The globule is a spherical organ, generally situated closely 
beneath the nucule, consisting of eight valves, enclosing a cavity, 
within which are found bodies of a very peculiar character. £adi 
valve is composed of a number of flattened cells radiating from a 
centre and angular at the circumference, where they correspond 
to the cells of the other valves, forming a dentate suture (IX. 
fig. 13, c). In the interior of the cavity a conical cell is found, 
projecting from the base, and a cylindrical cell proceeds from the 
centre of each of the valves. These, like the cells composing the 
flat expanded portion of the valves, are filled with red granules. 

Situated on the summits of the cells projectiDg internally, occur 
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the peculiar bodies above alluded to ; they consist each of a cylin- 
drical or rather campanoiate cell, bearing on its free extremity a 
number of filaments composed of rows of minate cells (IX. fig. 
13, d) i each cell contains a free spiral fibre of two or three coils, 
'which* when it escapes from the cell under water, manifests an 
apparently spontaneous motion ; it is developed out of a muci- 
laginous granular matter, as is shown in the figures (II. fig. 28, 
o» b, e, d, e). The globule b called the anther by some authors, 
but there is no apparent analogy ; indeed the import of this organ 
is altogether unknown. 

** Fungi. 

225. The spores of the Fungi are cellules developed in or on 

certain portions of the Thallus, and in their nature essentially 

like those of the other Thallophytes. The lowest forms of Fungi 

so closely resemble the Confervoid Alge, that much confusion 

exists with respect to them in systematic works ; the mycelium 

of these simpler forms consisting merely of cellular filaments, 

they frequently can only be identified as Fungi when they pro* 

duce their fruit. In that case, though the mycelium may grow 

In water or other fiuid, the filaments bearing spores are aerial, and 

stand erect above the surface of the fluid. 

226. The spores of the Hyphomycetes or filamentous Fungi are 
produced as little spherical cells developed at the extremities of 
the filaments (Boirytia, IX. fig. 14.) » sometimes in large numbers, 
so as to form a spherical head (Mucor, IX. fig. 15.). 

227. The arrangement of the sporangia of tiie Gasteromycetes 
is somewhat more complicated. The filaments upon which they 
are borne are variously branched and convoluted, forming some- 
times a reticulated 'expansion, as in Siemomtis (IX. fig. 16.), or 
constituting a kind of medulla enclosed in an envelope of denser 
texture, as in the Truffle (IX. fig. 17.) and Lycoperdon or Puff- 
ball (IX. fig. 18.). The spores are sometimes borne on the apex of 
filaments, at others in the cavities of thecae or cystidia. 

228. The Hymenomycetes include all those Fungi in which the 
reproductive bodies are borne upon a kind of membranous ex- 
pansion, formed of a flattened layer of the interwoven filamentous 
cellular tissue ((51.). In these plants the sporangia are not 
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borne immediately upon the wtgeeUmm, bnt on pecoliar otgin 
which differ considerably in their ttmctore in difierent spcdes; 
that of the Agarics, as the best known, may aerve as an exampk 
of the general arrangement of parts and Uie conrae of their d^ 
velopment (X. fig. !.)• From a point on the mycelium a small 
hollow, roond body b developed, called the voiva, which rapidly 
increases in size ; within the cavity i4>peaiB a somewhat qihcriol 
body, attached to the base by a short stalk ; the under poitica 
of this spherical body becomes hollowed, so as to enclose a hori- 
zontal annular cavity, within which the reproductive origans are 
produced. The lower wall of this cavity finally consists only of 
a membrane (indutium), which is torn by the subsequent growth 
of the organ ; the upper wall, bearing the fructification on its in- 
ferior surface, becomes much thickened and developes into the 
expanded flat or conical sunmiit, which is called the pilem* or hat 
of the fungus. When the indurium is torn by the expanskm of 
the piktu and the elongation of the ttipet or stem» it is either 
completely detached from the latter, or giving way at the margin 
of the pileu$, it remains attached as a membranous ring (awwiw) 
encircling the stipes. In the course of the development of these 
various parts, they break through the voha in which they were 
originally contained, and which generally decays very speedily. 
The hymenium, on which the organs of reproduction are borne, 
differs both in its arrangement and its situation upon the jnZeif 
in different tribes. In some cases it consists of vertical plates 
radiating from a centre, as in Jgariau (X. fig. 1 .) ; in others it 
forms tubes, as in Polyporus (X. fig. 2.), or solid columns, in 
Hydnwn (X. fig. 3.)« In other tribes of this order the sporangia 
are borne on vertical, simple or branched, clavate or cylindrical 
bodies or receptacles, as in Clavaria or Geoglostum (X. figa. 4,5.); 
in these the hymenium is superior. In what are called the 
Mitrati, the somewhat pileate receptacle has a superior hyme* 
nium which is never covered by an indusium (HelveUa, X. fig. 6.). 
The Cupulati, for instance Peziza (X. fig. 7X possess a cup« 
like receptacle, with the hymenium on its upper concave sur- 
face ; this hymenium being originally more or less closed, be* 
fore tbe margin of the cup expands. The Tremellini and Scle- 
rotiacei vary as to the form of the receptacle ; in the former it is 
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more or less gelatinous, in the latter compact and fleshy. The Hy- 
[nenomycetes have also been divided into two great tribes, accord- 
ing to the nature of the reproductive organs themselves, viz. the 
rhecaspori and the Basidiospori ; the former producing theca or 
cystidia (X. fig. 8.), elongated cells containing generally eight 
free spores, often accompanied by those organs which have been 
called antheridia ; while the latter more resemble the Hyphomy- 
cetes, since they do not appear to produce free spores in the 
cavities oitheecB, but bear them upon the apex of peculiar enlarged 
cells called handia (X. fig. 90 » the outer envelope of the spore 
being apparently continuous with the membrane of the basidium. 
The basidia usually bear four of these basidiospores. The The- 
caspori include the Cupulati, Mitrati, and perhaps a portion of 
the genus Clavaria. The Basidiospores are found in Tremella, 
&c., and also in the higher forms, such as Hydnum, Polyponu, 
j^garicus, &c. 

229« According to Schleiden's views this division is false. He 
states that the spores are always free, that is always basidio- 
spores, in the Fungi, and makes this the distinctive character of 
the order ; consequently he includes the Thecasporous Fungi of 
other authors among the Lichens. 

*** LiCHENES. 

230. The spores of Lichens are produced in the cavities of 
special parent-cells, which are called thecs or sporangia. These 
are accompanied by a number of filiform cells (paraphyses) resem- 
bling those occurring with the sporangia of the Fuci, &c., and 
are collected together in groups of a definite form on the upper 
surface of the thallus, generally more or less immersed in its 
substance. The young thecse contain a variable number of 
spores, usually eight to twelve, but seldom perfect more than one 
or two. 

The reproductive organs are apparently developed indifferently 
on any part of the frond, and present the following characters in 
the course of their growth. A protuberance first appears, of 
various shapes in various genera, formed of a number of thick- 
walled roundish cells, much more densely packed than the general 
tissue of the thallus, and frequently of a different colour. Be- 
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Death this layer is produced another, composed of paraphyses and 
sporangia intermingled, bat all perpendicular to the first layer 
(X. fig. 10.)* The whole fruit growing, gradually projects man 
and more from the surface of the thallus, clothed by the ex- 
ternal layer, which in the greater number of Lichens is subse- 
quently broken through. In those in which the fruit remains 
closed it contains a nucleus in the centre, and it is among these 
that Schleiden includes the Pyrenomycetous Fungi. When the 
fruit breaks through the cortical layer, it extends itself into a 
shield- like, cup-shaped or linear expansion, called, when cir- 
cular, apothecium, patella (X. fig. 11.), when linear, UreUa, 
Sometimes these raise a portion of the cortical layer with them, 
so as to form an elevated border ; at others, a portion of the 
upper surface grows up and elevates the fruit upon a footstalk 
CpodeHum, X. fig. 12.). 

231. The sporangia remain closed for a long time in most 
Lichens, but in what are called the Coniothatami (CaiyciuM) they 
burst very early, and the spores lie free in the fruit. 

The Lichens have been divided into four tribes, according to 
the conditions of the fruit. In the Coniothalami the shields aie 
open and contain no nucleus, the cavity being filled with free 
spores (X. fig. 13.). The Idiothalami have the shields closed at 
first and opening afterwards, containing free spores in a nucleos 
composed of the gelatinous remains of the paraphyses and spo- 
rangia (X. fig. 14.). In the Gasterothalami the shields are either 
always closed, or open by bursting through the cortical layer of 
the thallus, the nucleus containing the deliquescing or shrivelled 
sporangia (X. fig. 16.). In the Hymenothalami the shields are 
open, and the discoid permanent nucleus bears the sporangia on 
its surface (X. fig. 16.). 

232. When only one or two of the spores are perfected, the 
abortive ones frequently adhere to those which are ripened, form- 
ing processes of various shapes upon their surface. In ^orrera 
et7tam it has been made out that the simple spore first formed 
in the theca gradually divides into two portions, presenting two 
nuclei ; these portions remain attached, and from their peculiar 
appearance are called double spores (X. fig. 17.) • 
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Sect. II. ACOTTLEDONOUS C0RMOPHTTB8. 
* HEPATICiE. 

233. Among the Hepaticse we meet with two modes in which 
tbe plant ia multiplied, namely a production of reproductive 
bodies or spores, and that form in which the number of indivi* 
duals is increased by buds or gemma, which become detached 
from tbe parent and are analogous to the bulbels of higher plants. 

The formation of the spores presents the following character- 
istics. In those genera where the plant consists of an expanded 
stem, the capsules are oflen collected in heads, as in Marchantia ; 
in Jungermannia, where there is a distinction of stem and leaf, 
they are solitary, as is the case also in JRtccta. 

234. As Riecia presents us with the simplest form, being in 
fact but little raised above the Algae, it may be described first. 
The pistiUidia, which in this genus have no involucre, or merely 
a few scales, are somewhat fiask-shaped bodies niore or less iin^ 
mersed in the substance of the frond (X. fig. 18.), the elongated 
apex projecting above. The pistillidium contains a nucleus which 
subsequently developes into a capsule containing the spores, and 
as this capsule does not elongate upward during its maturation, 
it is enveloped by the outer layer or membrane of the pistillidium, 
which then receives the name of calyptra. The spores are de* 
veloped in what are called mother- cells ; that is, primary cells are 
produced in the parenchyma of the nucleus, and each of these 
becomes again divided into four, which are the spores. In Riecia 
the capsule does not burst, but is absorbed, leaving the spores 
free in the cavity of the calyptra (tftt;o/«ce{), from which they 
escape by its decay. 

235. Marchantia (X. fig. 19*) exhibits a more complex orga<* 
nization. The capsules are collected in heads elevated on foot- 
stalks. Hie pistillidia are produced within involucres situated 
on the underside of the peltate expansions at the summit of the 
footstalks, these expanded portions being often stellate. The 
spore-cases formed from the nuclei are slightly stalked, and 
tearing the calyptra, burst either with distinct teeth or irregular 
fissures, and discharge the spores. In addition to the spores we 
here first meet with peculiar organs intermingled with them« 
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which are called elater$: they consist of delicate cylindricsl 
cells, within which are coiled one or more elastic spiral fibres 
(I. fig. 22, X. fig. 19, c). 

236. In /iifi^enNafiiiia (X. fig. 20.) the pistillidia are numeroas, 
but only one becomes matured, they usually make their appeu^ 
ance in the centre of a bud or rosette of leaves, in an involucre 
called the penchmtwm ; on bursting throu^ this and the calyptn 
or involucel, the capsule is carried up on a delicate footstalk. Tbe 
capsule in some instances (/. puHUa) bursts irregularly, but is 
roost instances separates with elasticity into four valves and 
discharges its spores and elaters. 

In Anthoeeros (X. fig. 21.) the capsule is filiform and carries op 
the calyptra in its elongation ; it is also two-valved and contains 
a central columella. Monoclea (X. fig. 22.) has a filiform cap- 
sule which bursts by a longitudinal slit, and also possesses a 
columella. 

The development of the spores from the parent-cells has been 
traced in Anihoceroi by Mohl. The elaters sometimes lie loose 
among the spores, sometimes adhere to the central columella 
{PeUia epiphylla), or to the border, apex, or inner surface of the 
valves. 

237. The Hepaticae abo bear peculiar organs which have re- 
ceived the name of antheridia. These bodies are found is 
various situations ; in some cases they are contained in irrega- 
larly scattered cavities excavated in the substance of the ex- 
panded stem {PeUia epiphyUa, X. fig. 23.), or they may be borne 
on elevated receptacles {Fegatella conica, X. fig. 24.). In MoT' 
chantia they occur on receptacles resembling those bearing the 
capsules, but are situated on the upper side of the lobes (X. fig. 
19, &). In some species of Jungermannia they are developed in 
the axils of leaves collected into a kind of catkin (X. fig. 25.). 
The antheridia are little ovate bodies, generally shortly stalked, 
and consist of a cellular external wall en^^iosing a large cavity. 
When they are imbedded in the substance of the stem, the 
cavity in which they lie is lined by a layer of epidermis continued 
in through the orifice situated over the summit of the anthe- 
ridium (X. fig. 23.) ; the borders of this orifice are frequently 
elevated slightly above the surrounding surface* 
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238. The gemma are produced in cup-shaped receptacles de« 
veloped upon the frond ; they are minute lenticalar bodies, which, 
"viFben perfect, separate, fall off, and become distinct plants ; they 
often emit roots before they become detached from the parent. 

** Musci. 

239» The capsules of the Mosses are either terminal qr lateral, 
and arise from a little rosette of leaves, usually narrower than 
those distributed over the stem. In the earliest condition we 
find these rosettes or buds closed and containing within them the 
germina or rudimentary capsules, which closely resemble the 
pistillidia of the Hepatics, consisting of a somewhat flask-shaped 
external cellular envelope, and a nucleus attached to the base of 
the cavity by a short stalk (X. fig. 26, a). Intermixed with 
these bodies are also found paraphyses, those filamentous bodies 
consisting of rows of cells, which are regarded by some authors 
as undeveloped germina (X. fig. 26, 6). By the growth of the 
nucleus, the external layer or calfptra of the germen is* torn away 
at the base and carried up by the elongation ; the lateral ex- 
pansion of the nucleus frequently splits the calyptra at the side, 
but it most commonly remains for a long period as a kind of 
cap upon the summit of the fruit. When the calyptra is torn 
away from the base, a small portion of it generally remains, 
forming a kind of sheath (voffimda) round the bottom of the 
fruit-stalk (X. fig. 27.)- 

In its ulterior development the nucleus admits of a division 
into three separate regions. The lowest expands most in the 
longitudinal direction, and forms the seta or fruit-stalk; the 
distinction between this region and the central is sometimes ren- 
dered less evident by an expansion of the upper part of the seta, 
80 that it passes gradually into the capsule ; this thickened point 
of junction is called the collum; sometimes the thickening takes 
the form of a projection of variable form, and is called the 
apophysis (X. fig. 28.). 

The central portion forms a cup-shaped, cylindrical, square or 
urn-shaped organ, and in the course of development exhibits the 
following anatomical characters (X. fig. 29.) • A portion of the 
cells take the form of a central cylindrical or fusiform column 
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ieolumeUa), the outermost become the walls oi the o^Ksale, while 
between these a portion of tissue of a more delicate texture is de- 
veloped into spherical cells {Mporamj^), each of which producei 
four spores. Each spore while still within the sporanginm or 
mother-cell becomes clothed with a peculiar external layeri 
which usually presents a definite arrangement of wart- like pro- 
jections and areohe upon its sur&ce. The waUs of the capsoie 
are double, and composed of a tissue made up of densely*packed 
cells. Between these two layers (membrama interna et externa) 
there is a layer of loose spongiform tissue which is often absorbed 
previously to the full maturation of the fruit. 

At the summit of the nucleus the layer'of tissue oontinooas witk 
the external wall forms a kind of lid {operemhtm, X. fig. 30,a), of a 
flat, convex, or apiculate form. Beneath this, between tiie cap- 
sule and the operculum, there is in most Mosses an aw^»tiar layer 
of cells, made up of three or four rows {a$miUui). The columellt 
is continued up to the point of the operculum, and when the lal* 
ter falls off, which it does by a drcumscissile dehiscence, the upper 
extremity of the former appears in the centre of the membianc 
closing the mouth (jfoma) of the capsule. This tissue between the 
operculum and the columella developes into a very peculiar stroc- 
ture. It splits into a number of teelh (4*-64) lying side by side in 
one plane idente$), or again splitting, forms two rows one within 
the other. The inner row consists of broad teeth ( pr oce anu ) al- 
ternating with the teeth of the outer row, and between the pro* 
cesses more delicate teeth (piUd) ; the teeth of the inner row some- 
times remain partly or wholly undivided, so as to form a kind of 
membrane (X. fig. 31.). The cells of the teeth of the outer row 
are almost universally irregularly thickened on the upper and 
under walls, so that the horizontal septa formed by these, when 
the cells become dry, project laterally as well as externally and 
internally, giving the teeth the appearance of being articulated. 
These projections are called trabeeuUB (X. fig. 31, d). 

240. The antheridia of Mosses are produced in little buds like 
those in which the capsules make their appearance, in some 
cases however having more of a flattened, discoid form; or 
they may be intermingled with the germina in the same bud. 
They present the appearance of little ellipsoidal cellular bodies, 
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having a stalk of variable length. The microscope detects a 
dense opake mass in the interior of the expanded portion (X. 
fig. 32, a). At a later period an external pellicle composed of one 
layer of cells may be distinguished surrounding a cavity which 
is at first filled with mucilage, but afterwards is occupied by a 
closely-packed but very delicate cellular tissue. In each of the 
cells of this tissue occurs one of the spiral fibres (§ 49. PI. II. 
fig. 29) of two or three turns, exhibiting an active movement in 
water. Along with these are found the paraphytes or filiform 
cellular bodies (X. fig. 32, b) ; apparently abortive antheridia. 



••• 



FiLICES. 



241. The reproductive organs of this class are always deve* 
loped from the parenchyma of the leaf and are borne upon the 
posterior surface. They are situated upon the nervures, and in 
some cases the whole of the surrounding parenchyma disappears, 
so that the leaf b metamorphosed into a spike bearing capsules. 
Where the fertile frond is little altered in its form, the fruit is 
found in the shape of little collections of capsules called aori, 
upon the posterior face, often at the margin, and generally co- 
vered by what is called an induaium, which consists of a little 
membranous process continuous with the epidermis (XI. fig. 1.). 
The shape of the sori as well as that of the indusium, and the 
point of attachment of the latter to the leaf, vary in different 
genera. Sometimes the indusium is a mere fold (XI. fig. 2.)« 
or a shield-like, stalked body, or it may be united at its margins 
with a production of the frond so as to form a cup. The cap- 
sules are attached to the frond beneath the indusium, this por- 
tion of frond being generally a little elevated, so as to present the 
appearance of a little stem or ridge; in Hymenophyllum and 
allied genera this stem is much elongated, and the capsules are 
then borne upon this, which is free in the interior of the cup 
formed by the frond and indusium (XI. fig. 3.). The capsules or 
iheoB are developed from cells budding from the parenchyma, 
which each divide into two, one cylindrical, the other spherical ; 
the former becomes the stalk of the theca, while the latter pro- 
duces a large number of cells, part of which, the interior, are the 
mother-cells or sporangia in which the spores are formed ; the 
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outer ceils unite to form the membrane of the capsule. Some of 
the cells of this membrane have a special structure; a zone of 
cells, either vertical and attached to ^e base, or oblique and free, 
become much thicker in their inner and contiguous walls than in 
the outer, so that when the capsule is ripe, the uneqaal con- 
traction tears the delicate membrane enclosing the spores (XI. 
fig. 4.) : this zone is called the atmulu»» The spores, prodnced 
in the sporangia, are clothed with a peculiarly-marked ooter 
membrane (XI. fig. 4, a). 

In the spiked fructification, the spores are formed from tbe 
parenchyma upon the nervures, which expands so as to fonn 
large capsules arranged upon the simple or pinnately-branched 
rachis ; these sporangia burst by a vertical fissure at the sdo* 
mit, and are sometimes provided with an imperfect amk 
(XL fig. 5.). 

242. The only organs resembling the antheridia of the pie- 
ceding classes are bodies found upon the primary leaf of the 
germinating spores. They are cellular papilise seated on tlie 
border or upper surface of the leaves, and the cells each contain 
A spiral fibre (IX. fig. 6 ; II. 26, bb). 

243. Bulbels or gemmie are often formed from the tissue of 
the leaves, either on the surface or in the angles of the lo^i 
these drop off and become independent plants. In germination 
the spores of Ferns first produce a parenchymatous expansion 
which appears to be analogous to the cotyledons of thehigto 
orders. 

•♦*• Equisetacxjs. 

244. This order differs from the rhizomatous Ferns in Bendiii^ 
up erect branches instead of leaves from the rhizoma, at tbe 
summit of which primary branches (and in some cases onlyoo 
special simple branches) an ovate or more elongated fructiiio- 
tion is produced. It consists of a large number of whorls of 
leaflets closely approximated and converted into organs cloself 
resembling the anthers of the Yew. They are shield-likci osa* 
ally hexagonal bodies supported on a stalk inserted in the centre 
of the under-surface. The spores are produced in capsut^ 
situated beneath the shield and surrounding the stalk, and aie 
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from five to Btvea in number (XI. fig. 7)« Within these, the 
mother-cells (sporangia) each produce one spore, which is pro- 
vided with two elastic spiral appendages (XL fig. 8). The 
spiral fibres at first completely cover the wall of the mother* 
cell and enclose the spore ; in the course of the growth of 
the latter the turns of the spirals become separated, and finally 
they bnrst through the delicate outer wall of the sporangium, 
.and the capsule splitting longitudinally, the spores are emitted. 
The spiral fibres or elaters remain attached to the middle of the 
spore, and by their elasticity facilitate its escape from the capsule. 

««««« LYCOPODIACBiB. 

245. The capsules of this Order are generally situated in the 
axils of the leaves, the fertile leaves being often collected into a 
long clavate spike. Miiller states that the theca are always 
productions of the stem and not of the leaf; and indeed in Bern- 
hardia they are arranged in twos and threes at the apex of short 
branches. 

The capsules are of two kinds ; the first (XI. fig. 9), which 
are round, reniform or crescentic, are analogous to the thecae of 
such ferns as Ophioglossum, and originate from a papilla of cel- 
lular tissue, the external layer of which forms the wall, while the 
contained cells become sporangia, and produce each four spores 
in its interior. The mother-cells are subsequently absorbed, and 
the free spores escape by a slit, vertical or horizontal, from the 
external capsule. Spring calls these organs aniheridia, but they 
clearly are not analogous to the antheridia we have hitherto men- 
tioned. The germination of these spores has not been observed. 

246. Miiller minutely describes the second kind of capsule, 
which has also been noticed by other authors. This is of a 
roundish tetrahedral form, and is met with in the same situations 
as the above. According to Miiller it consists of a cellular mem- 
branous wall, forming a cavity, from the base of which, at the 
point corresponding to the apex of the branch, a cell is developed, 
quite independent of the wall and a production of the axis (XI. 
fig. 10). This mother* cell produces four spores in its interior. 
The capsule bursts with two valves, emitting these four spores, 
which are much larger than the other kind, and have been ex- 
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amined in germination. This process exactly resembles the ger- 
mination of a dicotyledonous embryo, except that the cotyledons 
are produced during germination (XL fig. II). Since these 
spores are direct productions from the axis, Miiller r^ards them 
as analogous to ovules, and the capsules thus representing on- 
ria are called oophoridia. No impregnation takes place, lie 
regards the Order as intermediate between the Filices and the 
Marsileacese, where there is the first occurrence of pollen asd 
ovules. 

. 247. Iaoite$ presents two kinds of capsules, which are imbedded 
in the substance of the base of the leaf (XI. fig. 12). The st^I^ 
ture of these is essentially the same as of those of Lycopodiim\ 
and if MUller's observations are correct as to the mode of deve- 
lopment of the large spores in the latter genus, those of the former 
will probably be found to resemble them. 

248. The Lycopodiaceae sometimes produce fleshy axillary 
bulbels. 

****** Rhizocarpeje. 

249. The reproductive organs of this Order have long afibrded 
a subject for great difference of opinion among botanists, since 
although the descriptions of the various parts given by different 
authors agree very closely, scarcely two writers have agreed as to 
their nature. If the later observations of Schleiden prove to be 
correct (and there is every reason to depend upon them), they 
are of exceeding interest, as offering an example of the production 
of a new individual through the impregnation of an ovule by 
pollen, such as occurs in the phanerogamous plants ; this differ- 
ence alone existing, denoting their inferiority of organizatioo, 
that the process of impregnation, and consequently the develop- 
ment of tiie embryo, takes place after both ovule and pollen have 
become detached from the parent plant. Since this Order thus 
acquires so much importance io a physiological point of view, it 
will be quite worth while to consider the different forms some- 
what minutely. 

250. In Pilularia the reproductive bodies are produced in little 
roundish capsules, situated at the base of the leaf-stalk (XI. fig. 
13)* The outer envelope consists of a dense coriaceous coat^ 
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which subsequently dehisces by four vaWes ; the cavity is divided 
into four chambers by vertical partitions ; from the interior of the 
external wall of each cavity proceeds a gelatinous process of cel- 
lular tissue, which bears the two kinds of organs called by 
Schleiden anthers and ovule-sacs. 

The anthers appear to be identical in their development with 
the thecte of the Ferns, and are pyriform sacs originating from 
little papillae of cellular tissue, which subsequently form the two 
regions, the outer cellular envelope and the contained parenchyma, 
the cells of which become mother-cells, and each produce what 
have been called spores, but which are in fact pollen grains (XL 
fig. 14). The ovule-sacs closely resemble the anthers in their 
original condition, and according to Valentine, even up to the 
point of the production of the four cells in each mother-cell ; but 
then a change takes place ; the cells in fours are ruptured, their 
contents extravasated, and this occurs to all but one group ; in 
that group three out of the four burst ; the remaining cell takes 
up a central position in the sac, and becomes developed into the 
ovule, which in its perfect state is solitary, and presents the fol- 
lowing characters. It possesses a central sac (the embryo-sac), 
consisting of a simple cell filled with starch, oil, etc. (XI. fig. 15) ; 
this is surrounded by a dense white leatheiy coat, composed of cells 
almost undistinguishable, and at the apex of the ovule presents 
an orifice through which projects a papilla (the nucleus), which 
is in contact with the embryo-sac. The whole is enclosed in an 
envelope of gelatinous, almost confluent cells, which contains the 
remains of the ruptured abortive quaternary groups of cell8« The 
nucleus is at that end of the ovule most distant from the point of 
attachment. 

According to Schleiden, the anthers and ovule- sacs, when dis- 
charged from the bursting capsule and swimming in the water, 
exhibit the following phsenomena : — A grain of pollen comes in 
contact with the nucleus (XL fig. 16), becomes imbedded in its 
substance, and there expands and forms the embryo, with cotyle- 
don, radicle and axillary bud or plumule (XL fig. ID* 

261. The fruit of Marsilea is somewhat more complicated in its 
arrangement. It is contained in an ovate flattened capsule, 
situated, like that of Pilularia, at the base of the petiole (as in 

X 2 
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M. puheieem) or on the lower part of that organ (M, quadr^lia) ; 
the coat is dense and coriaceous, and dehisces by two valves. The 
cavity is divided first by an imperfect longitodtnal septaoEi into 
two compartments, which are again divided by cross partitioDs 
into from five to twelve chambers (XI. fig. 19)* At tiie regioD 
opposite the point of attachment of the capsnle arises a cord of 
cellular tissue of a gelatinous character, which lies free in the 
space where the longitudinal septum is deficient along the upper 
side from the base to the apex of the capsule, and on the dehis- 
cence of the latter is protruded, bearing the ripe sacs : to this tut 
attached a double row of little sacs of a similar tissue, correspond- 
ing in number to the chambers and lying within them. Within 
each sac is a kind of placenta of gelatinous cellular tissue, to which 
the organs of reproduction are attached, the ovule-sacs, least 
numerous, occurring chiefly in the centre of that part turned 
towards the longitudinal septum (XI. fig. 19, s)* The stalked 
ovule-sacs enclose a single ovule, the nucleus of which is turned 
toward the peduncle; they are subsequently ruptured. Tlie 
anthers, irregularly pyriform, contain a large quantity of pollen 
grains, which possess a peculiar gelatinous envelope in addition 
to the usual external membrane. Esprit Fabre, who considers 
these bodies anthers and ovules, states that he has observed that 
if they are left apart in water they putrefy, while if mixed in water 
the anthers burst and the grains of pollen collect about the nipple 
(nucleus) at the surface of the water, after which the ovules faD 
to the bottom, where, at the end of seven or eight days, germi- 
nation commences. 

252. Salvinia bears the anthers and ovules in distinct capsales, 
which are collected on little branches originating from the base 
of the petiole and hanging like catkins in the water. Each catkin 
has one capsule rather removed from the rest, and nearer tbe 
base of the branch ; this alone contains ovule-sacs (XI. fig. 20). 
The capsules in 5. natans are somewhat globular, compressed 
vertically and marked by deep ftirrows like a melon ; eadi pro- 
jecting ridge is hollowed into a cavity (XL fig. 20, b) divided by a 
horizontal septum. The capsule does not burst regularly, but 
the delicate cellular tissue of which its walls are composed be- 
comes decomposed ; in S, verticiUata the capsules are cloUied 
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-with rigid hairs. From the base of the cavity arises a cellular 
column, somewhat swollen at its upper extremity (XI . fig. 2 1 , a, 6) , 
i^hich bears in the one capsule ovule-sacs ; in the others, anthers. 
The peduncle of the ovule-sacs is composed of several rows of 
cells ; the sacs which are ovate consist of a single layer of ceils, 
and enclose an ovule the nucleus of which has the same direc- 
tion as that of PUularia, The peduncle of the anthers is a single 
string of cells ; the anthers are globular, and the pollen has a thin 
smooth outer membrane. 

Savi experimented on the germination of Sahinia ; he relates 
that he placed in separate vessels, anthers alone, ovules alone, and 
both together ; in the first two experiments there was no develop- 
.ment ; in the third the ovules rose to the surface and germinated. 
Duvemey questions these results, and states that with him the 
ovules germinated when separate from the anthers, but it is very 
possible that the ovules were accidentally fertilized. Mr. Grif- 
fith regarded certain moniliform filaments occurring on the stalks 
of the ovules as the male organs, but this can hardly be correct ; 
these hairs are more probably analogous to the paraphyses (§ 240.) 
of the lower plants. 

253. From the observations of the last observer, it appears 
that AzoUa has a structure somewhat similar to the preceding 
genus. The capsules are attached in pairs to stem and branches, 
vriih. a membranous involucre ; the capsules are of two kinds, the 
globose and oblong-ovate. The oblong-ovate capsule opens by 
circumscission (XI. fig. 22), and contains a large yellow sac com- 
posed of a fine membrane, filled with oleaginous granular fluid, 
and surmounted by a mass of fibrous tissue, by which it adheres 
slightly to the calyptra. On the surface of the fibrous tissue are 
nine cellular lobes (XI. fig. 23), the three upper the largest. 
This is probably an ovule resembling those of Uie other genera, 
the lobes representing the nucleus. The globose capsule has a 
rugose surface (XL fig. 22) from the pressure of the secondary 
capsules (anthers) within ; these are numerous, spherical, and 
attached by long capilliform pedicels to a much-branched central 
receptacle (XI. fig. 24). It seems most probable that Griffith 
observed these in an immature condition, since he describes them 
as each containing two or three cellular masses presenting radi- 
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ciform prolongations on their contiguous surfaces, and containing 
numerous yellow grains (pollen) which he calls spores in their 
interior. 



254. With this Order we have arrived at a stage of defvelopment 
which is very closely approximated to that of the Cotyledonoos 
orders ; and in the various forms we have traced we see all the 
memhers of a graduated series. In the consideration of the re- 
production of the higher classes a somewhat different plan must 
be adopted ; the embryo being perfected while in connection with 
the parent in all the orders, it is found more convenient to take 
the descriptions of the various modifications of parts nnder the 
heads of organs rather than of families, as has been hitherto 
done. 
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Chap. IX. REPRODUCTIVE SYSTEM OF FLOWERING 

PLANTS. 

Sect. I. Inflorbscbncb. 

255. Flowers are to be regarded as composed of a number of 
whorls of modified leaves, collected together in consequence of 
the non-development of the intemodes of the axis ; flower- buds 
are therefore analogous to leaf-buds from which branches are 
produced, and we may expect them to be subject to similar laws 
of arrangement. That portion of the stem which is especially 
devoted to the production of flowers is called the inflorescence, 
ftnd the leaves borne upon it being generally modified in their 
form, are distinguished by the name of bracts. The flower may 
either be terminal (§ 175.), thus arresting the further growth of 
the axis upon which it is seated, or axillary (§ 170.), and in this 
case the form of the inflorescence is regulated by special laws 
analogous to those which I have already alluded to as affecting 
the distribution of the leaves and branches. 

256. The stalk of a solitary flower, whether terminal or axil- 
lary, is called the peduncle ; in the latter case the floral leaf is 
the bract: where lateral branches are again produced in the 
axils of bracteolea seated on the peduncle, that portion of the 
stem between the flower and the bracteole is called a pedicel, 

257. When the inflorescence is enclosed in a single large bract, 
&8 in Aroidese, this is called the spathe (XII. fig. 1) ; where a 
number of bracts are collected into one or more circles surround- 
ing the inflorescence, these are collectively named an involucre 
(XII. fig. 2) . It is often difficult to define any line of demarcation 
between the leaves and bracts upon a stem, the change of form 
occurs in a gradual series from below upward, and consequently 
there is frequently great uncertainty in distinguishing between a 
Btem bearing many solitary axillary flowers and a spike or raceme. 
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On the other hand, the bracts, in some orders especially, gndai&y 
lose their foliaceoas character, become mere scales, as in those 
bracts called the palea of the Compositae, and even disappeu 
altogether, leaving the receptacle naked. In the Umbellifercwe 
find a partial iitvoluere at the base of each umbel, and an m* 
venal involucre at the base of the pednncles of a componod 
umbel ; among these involucres bracts sometimes occur pos- 
sessing the tme foliaceons character, sometimes becoming gra- 
dually metamorphosed into leaves, or the bracts are very little 
developed or wanting, either to the simple umbel or the com- 
pound, or altogether absent. In the Boragines also, cases occur 
where the floral leaves pass gradually into bracts, and the bracts 
become smaller upwards, or, as in Syn^hiftum, are wanting. 

On the other hand, some of the general involucres are to be 
looked upon as bracts which have become developed at the ex- 
pense of the flowers ; as in the involucre or general calyx of 
Composite, the glumee of Grasses which are often barreo. It 
may then be assumed as a general law, that with the exception 
of the terminal flower, every flower is situated in the axil of & 
bract, or at the point corresponding to the axil of an undevelopec/ 
bract. 

258. Both peduncle and pedicel vary as to the length of time 
they remain attached to the stem. They are called caducom when 
they fall off soon after the opening of the flower, as in the male 
flowers of Amentaceie ; those falling off with the ripe fruit, lii^^ 
the Cherry, are deciduoue. In many cases they remain attached 
after the ripening of the fruit and the scattering of the seed, nod 
then are persistent ; if they acquire peculiar development doriog 
the maturation of the fruit, as is the case in Anareardnm and 
other plants, they are named excrescent. 

259. The general form of the inflorescence is frequently m^ 
altered during the flowering period, by the order in which the 
flowers successively expand. 

When the opening of the flowers follows the order of H^t 
first becoming perfect in the lowest, or in an umbel or capitulomi 
in the most external, the inflorescence is called centripetal. 

The reverse order of course will be the cerUr\fiigal, aod Ib 
found where the growth of the rachis is arrested or d^^ by 
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the expansion of the tenninal bud first ; whence it follows that 
all additional development of flowers must be axillary. 

Occasionally the flowers follow no definite order of unfolding ; 
for instance, in Dipsactu ayheatris the flowers situated in the 
middle of the cylindrical capitulum open first, and from thence 
both upward and downward. This is the indefinite inflorescence 
(tf|f. vtiga). In the compound forms of inflorescence the order 
of succession is regulated by similar laws ; but it is not neces- 
sary that the individual heads should follow the same law as the 
primary ramifications. For instance, in most of the Composite 
the capitula have a centripetal inflorescence, but the terminal 
capitulum generally expands first, consequently all the others 
must be axillary, and be perfected in a centrifugal order. In 
Sanguisorba both have the centrifugal inflorescence; while in 
the majority of the Labiatse, the flowering branches are deve- 
loped centripetally and the inflorescence of each is centrifugal. 
The following are the principal forms of the inflorescence : — 

260. Where the axis terminates in a single flower-bud, this 

the simplest form of inflorescence is called a solitary terminal 

flower, as in the Tulip and many other bulbous plants. A similar 

solitary flower may terminate an axillary branch bearing leaves, 

an example of which is found in some of the Caryophyllese. 

261. Solitary axiUary flowers are borne on peduncles situated 
in the axils of leaves, as in Lynmachia nemorwn. 

262. When the leaves borne on the upper portion of the axis 
are crowded together and altered in form so as to be distinguish- 
able as bracts, with axillary flowers, we have a Raceme (XII. fig. 3). 
Several modifications of this kind of inflorescence have received 
particular names. 

a. The Spike, where the axillary flowers are sessile (XII. fig. 4). 

6. The Spadix, which is a spike where the flowers have no 
special bracts, but are enclosed in a spathe (§ 257.), and densely 
crowded upon a fleshy axis (XII. fig. 5), which is often prolonged 
beyond them as in Arum (XII. fig. 2), or even branched as among 
the Palms (spadix raeemosus), 

e. The Amentum or Catkin, a spike with large gcale-fike bracts 
and the flowers closely aggregated ; usually caducous in a single 
piece, as in the male flowers of Cupuliferse, &c. (XII. fig. 6). 
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d. The StrobUus or Cone is a kind of spike found chiefly among 
the Conifene, where the foliaceous organs are persistent and be- 
come woody (XII . fig. 7) • The female inflorescence of the Hop is 
generally called a Strobile, but differs only in form from the otiier 
catkins. 

e. The Panicle is formed by the branching of the peduncles of 
a raceme, so that the flowers are borne on pedicels. 

/. The Spikelet is the simple pedancle of the Grasses and 
Cyperaceous plants, which bears few flowers, destitute of special 
bracts, the whole being enclosed at the base in two sterile bracts 
or glumes. 

g. The Cotymb, a raceme where the peduncles have grown 
unequally, so that the flowers of the inflorescence are nearly all 
in the same plane at the summit (XII. fig. 8). 

A. The TTiyrse consists of a panicle where the flo^wers have 
very short pedicels. 

263. When the upper portion of the axis, instead of extending 
upwards, as in the spike, becomes thickened and expanded late- 
rally, the flowers are borne upon this terminal head, which is 
called a Capiiulum. The varieties of this type are — 

n. The Anthodium or true Capitulum, the Flos comp<mtns of 
Linnaeus, consists of a dense head of flowers which are respect- 
ively situated in the axes of bracts (more or less arrested in 
their development or even wanting), and surrounded by one or 
more circles of sterile bracts, forming an involucre (XII. fig. 9)« 

5. The Hypanthodium, a term applied to the flowers of some 
of the Urticacese, such as Ficua and Dorstenia, but scarcely to 
be distinguished by a general definition in words from the fore- 
going. In the Fig the peduncle is fleshy and excavated, bearing 
the flowers, provided with bracteoles in its interior (XII. fig. 10) ; 
in Doretenia the peduncle is expanded into a large flattened 
receptacle (XII. fig. 11). 

264. The Umbel may be looked upon as a kind of capitulum 
where the flowers are elevated upon pedicels, their bracteoles 
forming a whorled involucre (XII. fig. 1 2) . The Compound Umbel 
is formed by the branching of the peduncles in an umbellate 
manner, and sending off the pedicels forming simple umbels 
(XII. fig. 13). 
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265. All these forms of inflorescence are developed in the cen- 
tripetal direction, and are said to be indefinite. Those which blos- 
som downward from the summit have been included by most au- 
thors under the general name of Cyme, This is, generally speak- 
ing, a kind of Corymb, where the terminal flower is developed first, 
and where, consequently, all new growth must take place in the 
axils of the leaves below ; but as this new growth frequently 
takes the form of leafy branches, the relative position in the in- 
florescence is continually becoming altered. Among the Caryo- 
phylleae are found striking examples of this : in Arenaria lateri^ 
flora an axillary branch is developed below the terminal flower ; 
the growth of the branch beyond the flower soon renders this 
lateral and apparently axillary ; when two axillary branches are 
produced, the terminal flower is left in the fork. These branched 
terminate in flowers in a similar manner, and again produce 
either branches or flowers in fhe axils of their bracts. The cen- 
tral flower in a head of this kind therefore is always the oldest. 
All these forms are included under the general head of the 
cymotfe or centrifugal inflorescence ; several of them have been 
particularized : — 

a. The true Cyme, found in all species of Viburnum, Sambucus, 
&c., which has the structure first described, but in which the 
flower-buds are all perfect before any of them open. The general 
form is the same as that of a corymb, but it may be distin- 
guished by the three-forked division of the peduncles, also by 
the fact that the central flowers of each cluster open first ; and 
since the central clusters represent the apex of the stem, the 
expansion of the whole is centrifugal. 

h. The Fascicle is a cyme with the flowers closely aggregated 
and nearly sessile, as in the Sweet-William. 

c. A Glomerule, the crowded heads of flowers in the centri- 
fugal inflorescence of some Urticese, Chenopodiacese and Juncese. 

d. Scorpioid or Helicoid Cyme is the term applied by most 
authors to one- sided racemes like those of the Boraginese, which 
ve usually coiled up spirally or in a circinate manner at the 
undeveloped upper extremity. 

It is stated that this curling of the axis is consequent on the 
peculiar nature of the growth. Each flower is said to be ter- 
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minal, the fint to the stem, the second to the primary aziOvy 
branch on which it is borne, and so on, the direction of the growtii 
of the whole being thus altered and tnrned aside at each node. 
Thus in alternate-leaved plants the apparent axis will always 
appear to be between the flower and the bract (XII. figa. 14, 15). 
In opposite-leaved plants, on the other hand, plants having tha 
stractore possess a terminal flower and an axillary branch coo- 
tinuing the growth, the other axillary branch being abortive. 
Schleiden however denies the truth of these statenients altogether, 
and declares that we have here nothing more than an unilateral 
raceme or spike, consequently that the inflorescence is not cen- 
trifugal but centripetal. 

266. All these forms — ^the spike, raceme, head, &c. — may be 
situated at the extremities of branches as well as at the apex of 
a stem, and also in the axils of leaves. A peduncle arising bdow 
the ground, as in Primula and many bulbous plants, is called 
a Scape or radicle peduncle. In some of the species of Solemm 
the axillary peduncles adhere to the stem for a short distance, so 
as to appear to arise above the axil. In JUia the peduncle is 
adherent to the midrib of the bract to a considerable extent 
The clusters of flowers of the Labiatae are frequently called 
whorls, but they are in fact cymes, and are axillary to the two 
opposite leaves. They have been called VertidXUuteri (XII. fig. 16). 

267. Fasciation.— In some cases the stem seems to ondeigo 
a peculiar metamorphosis and to enlarge into a kind of phyllode, 
for instance in XylophyUa, bearing fascicles of flowers upon iti 
borders. Some of the cases have been cited as presenting an 
example of the production of flowers upon leaves, as in the case 
of Bmcub, but the more general opinion is that they are phylloid 
branches. 

The Cockscomb is another curious example of fasdatioDi 
where the branches are expanded laterally in one plane, beaiing 
the flowers in a sort of crest on their dilated extremities. 

Sect. II. Thb Flowbb in obnbbal. 

268. Flowers have hitherto been spoken of as consisting of a 
number of whorls of modified leaves arranged on the extremity 
of an axis or branch ; but since the organs of which they are 
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made up differ so much from leaves, properly so called, both m 
appearance and function, we must now proceed to examine the 
^roands upon which this theoretical notion of a flower ifr based. 
Tlie generality of cultivated, partially double flowers will afford 
an example of a graduated series of forms in evidence of the 
possibility of the conversion of the organs one into another, or 
rather the possible production of any one of them from any of 
the little cellular papillae under which they all make their first 
appearance ; but no better instance of the normal existencs of a 
series of this kind can be found than the common white Water- 
Lily. At the circumference of this flower the leaf- like bodies are 
green exteriorly and white within ; next to these are a number 
of circles of white leaf-like expansions, longer than the green 
bodies in the outer whorls, and gradually becoming smaller 
inwards, until they acquire a narrow ovate form and a yellow 
colour. These gradually become narrower as we proceed inward 
and exhibit two thicker prominences at their apex, like longitu- 
dinal folds ; in those situated more internally these folds come 
to occupy more than half the length of the organ, and, lying in 
contact, form the whole of the upper part of it, supported by the 
narrow strap-like base. In the centre are a number of yellow 
thickened bodies which are single and much shorter than the 
preceding, and they form a kind of crown to a large central 
body, which on being cut across displays cavities radiating from 
the centre and equalling in number the crowning bodies. These 
cavities are filled with minute bodies, the ovules, attached to the 
radiating septa. 

If we take now a flower of the Ranuftculua aquaiilia, we find 
it to be composed of four very distinct kinds of bodies ; the 
most external green, resembling leaves as closely as the majority 
of bracts, which we have seen (§ 257.) are often undistinguishable 
from true leaves ; within these are five white leafy expansions* 
surrounding a number of thread-like filaments bearing two-lobed 
yellow bodies on their summits. The centre is occupied by hol- 
low green organs which are distinct from one another, and each 
contains an ovule. In this flower therefore we have four distinct 
kinds of organs, and on looking at the Nymphaa we readily 
recognize the three outer series to be represented among the 
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nnmerous modifications existing there ; the central organs of 
the Ranunculua represent the cavities of the central body of the 
Nymph^ea, separated from each other. A more direct proof of 
the leafy nature of these central organs is offered by doable 
garden flowers, where they are often replaced by leaves* as in the 
double Cherry, and it is shown even in a normal condition by 
many of the Magnoliacee ; in Liriodendrou tulip(fera the folia- 
ceous character is possessed in a great degree by the centnl 
orgaas. These organs are divided into two sets, namely the 
floral envelopes and the essential organs (XII. fig. 18). 

269. The former include the two outer or lower kinds pos- 
sessing the leafy character ; they receive this name since they 
do not appear to serve any special office in the peculiar processes 
belonging to the reproductive function of the flower, and are 
often wanting. The two kinds are called respectively the jS^^, 
which are the most external and generally green, forming collec- 
tively the Calyx (a) ; and the Petals, the more delicate and generally 
more brightly coloured rows, which compose the most conspicaons 
part of the blossom called the Corolla (6). In many instances it 
happens that only one whorl or circle of envelopes is present; 
this is then generally called the calyx, whatever its colour may 
be, since the calyx is often coloured and petaloid, and the corolia* 
on the other hand, sometimes greenish and resembling a circle of 
sepals ; the chief point of distinction is founded upon position. 

In the Monocotyledonons families the floral envelopes are 
very commonly all petaloid, and the term Perianth is generally ap- 
plied to such a structure ; it is also sometimes called a Perigone. 

270. The essential organs are the two other kinds. The ex- 
ternal row next the petals are the Stamens, which consist of two 
distinct parts— the Filament supporting the Anther (c, d), the 
thickened body or case which contains dust-like substance called 
the Pollen, A collective term is applied to these organs, and this, 
Andradum, therefore expresses the whorl or whorls of leaves 
developed into stamens. 

The central organs, constituting the fourth kind, aie called the 
Pistils, with the collective name of Gynescium. The pistils are 
quite as often united together in one mass as distinct ; the ter- 
minal portion only is commonly free. Each metamorphosed 
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leaf, bearing ovules, whether forming a simple ovary, or one por-. 
tion of a compound, is called a CarpeL Whether distinct or 
united with the rest, the pistil is divided into three regions : the 
Lowest inflated portion at the base, containing the seeds in its 
cell, is called the Ovary ; the slender prolongation upward is the 
Style ; and the apex of this, which terminates in a great variety 
of forms, is called the Stigma {€,f,g)» 

These are called the essential organs, because the presence of 
both kinds is necessary for the production of fertile seeds ; but 
even one of these kinds may be absent in a flower, or even in all 
the flowers of a single plant, which in such circumstances are 
called staminal or pistillate, as the case may be ; they are very 
frequently called male or female flowers, but such a term involves 
at least a hasty generalization in the present state of our know- 
ledge of the physiology of the development of ovules. 

271. The apex of the peduncle on which all these organs are 
situated is called the Receptacle, which by the modifications of 
its form, both in lateral expansion and longitudinal development 
of its intemodes, exerts considerable influence on the form of the 
flower. The organs of the flower are attached to it like the leaves 
on a stem, in a spiral (§ 165.) arrangement, but by the non-de- 
velopment of the intemodes they often become approximated so 
closely as to appear like whorls situated one above another ; or 
as in many cases, by the radial extension of the receptacle, they 
come to be all nearly on one plane, in circles one within another, 
in the order— 1. Calyx; 2. Corolla; 3. Andreecium; 4. Gynae- 
ctum. 

If we accept the views of Schleiden with respect to placen- 
tation, the receptacle also includes an additional system of pro- 
longations, since he regards the ovules as arising from the axis 
and not from the margins of the carpellary leaves. This subject 
will be more fully considered when we come to describe the 
structure of ovaries. 

272. Many plants possess bracts arising immediately below 

the sepals and alternating with them; some authors include 

them as parts of the flower, under the name of epi -calyx, but 

they are generally described as an involucre (XII, fig. 19). 

* 273. When a flower is made up of all the four systems of 
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organs, viz. sepals, petals, shmtftis and pistils, it is wW is 
ealied eomptete^ Complete flowers may be 9impie and contais 
only one row of each kind, and they are then regular when the 
whorls possess eqnal nnmbers of organs ; if the noembers of eadi 
series are uniform in ran and tikape, tiiey are aymmetriealy and 
tncB vend. Flowers possessing all these qualities may be found 
and can be taken as types ; for instance, among ^e dicotyledoDs 
we see a tendency to produce regular flowers with symmetrical 
whorls of five organs ; again, in the monocotyledons tfae number 
three appears to predominate. In typical flowers of this kind 
the organs of each whorl will be found to alternate with those of 
the whorls external and internal to it, and this is regarded as aD 
universal law. But among the innumerable diversities of form 
and structure existing in the flowering classes, this primitive 
simplicity is sometimes very difficult to detect ; a number of 
interfering causes produce deviations from the type, afleding 
each or all the qualities above enumerated. 

274. Thus the fundamental structure of a flower may be £s- 
guised by — 

1. Adhesions of the parts of the flower to each other, and fhis 
may take place both between the members of one or of different 
wborls. 

2. Alterations of the number of parts, either augmentation or 
diminution ; the former arising from the production of additional 
whorls of any kind of organ, and also from what is called dedu- 
plication (§ 280.) ; the reduction results from the suppression or 
abortion of certain wborls or parts of whorls. 

3. Less important differences arise from the inequality of the 
size of or union between tbe parts of the flower, and from pecu- 
liar development of the axis or receptacle altering the situation 
of the attachment or insertion of the organs. 

275. When the parts of the flower occur in a state of cohesion, 
the leafy character is more or less disguised according to the 
extent to which they are connected with each other. The union 
of all the members of a whorl into a single piece takes place 
indifferently in all the four kinds of organs. Thus we have the 
sepals or the petals united together by their edges, so as to form 
tabular or similar bodies, which receive the respective names 
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of M««o-8epalou8 calyx and numo-petalous corolla. This prefix 
is objectionable for etymological reasons, bnt long use makes it 
the most convenient we can employ, since the sense in which it 
is used is clearly defined. The fusion of the component parts ge- 
nerally takes place only to a certain extent, the number of organs 
in the whorl being most frequently indicated by lobes or promi- 
nences on the upper border of the tube. In some instances 
however they are undistinguishable, as in the caducous calyx of 
Eit^hoUzia, which consists of two sepals united into a kind of 
conical cap, falling off by a circumscissile dehiscence at its base. 
In the case of cohering stamens a different term is used, the 
number of the groups being indicated by the prefix mon-, du, &c., 
to which is added the adjectiye term -adelplunta; thus as in 
Maha, when the filaments are all united into one tubular parcel, 
the stamens are called ammadelphoua, in those leguminous plants 
which have two parcels, diadelphotu, &c. It is evident that the 
coherence of the filaments of the stamens will take place most 
frequently where they have a dilated character, and from their 
much narrower form they contract this adhesion less frequently 
thsa the petals which press more closely upon each other. In 
the esse of the carpels the union acquires a somewhat different 
disracter ; they are not only in contact at their lateral borders, 
hut, occupying the centre of the flower, they unite by the whole 
extent of their margins, and thus the resulting body loses exter- 
nally all traces of its compound origin, unless it be marked by 
farrows or projecting angles, &c. The cohesion of the carpels 
is so much the more frequent than that of any other whorl, that 
they are more closely approximated, by being situated upon the 
short and slender extremity of the receptacle, and by being more' 
thickened and fleshy in their nature. £xamples of the simple 
carpels and the compound ovary may be seen, in Ranunculus, 
where the former are seated on the elevated conical receptacle, 
and in Nymphisa, where they are blended into one mass. 

276. The parts of different whorls also may become adherent, 
for instance, corolla with calyx or stamens, or with both, or all 
three with the ovary ; this is the case where the calyx is what 
is called superior, that is, arising apparently from the summit of 
the ovary, but in fact adhering to it up to that point, when of 
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course the iatenrening wkorls, petals and stamciiB must to in- 
cluded in the fusion. There are but few examples of edherettte 
of the pistils to other whorls with the exclusion of the calyx* . 

From the law of alternation of the organs of confignoos 
whorls, we might expect that where the members of oae an 
adherent to those of another, tiiey must also adhere among thtn- 
selves ; thus if a stamen is situated opposite the interval betma 
two petals, the two latter in a case of adherence of thiaioDd 
must be united either directly or with the intervealioii a£ tk 
filament ; if the fusion of the parts is perfect we get m tabe on 
the borders of which anthers alternate with the lobes of the co- 
rolla, as in Cttgeuta (XIII. %. 1.). In some Oleaceae haviBgissr 
petals and two stamens, the former are united • into pain hj 
cohering with the intervening filament. Where the hew mS al- 
ternation does not hold, or rather is not apparent fiNmix- causes 
which will be subsequently idluded to, a^besiotis -mfty taloe. place 
between petals and stamens placed oppomte to them wiitihoutaiy 
lateral union, as in Statice and some of the Car^oph^iaBae. 
The degree of union between the stamens aKd<?peteiaiiaib 
much ; sometimes the adhering filament -is perfect, ipr^jj^b^ 
on the face of the petal down to its base (XIIL iig.v^..)v^ at others 
it appears to arise at once from the point whexe fttheeosRs 
free, and all traces of two organs are quite undiotifiipuadbiWc 
below. . .« 

277* The union of the difierent parts also takes- place tfafOQgli 
the medium of another structure which has not yet beenepokeB 
of. That portion of the receptacle (§ 271.) situated between the 
calyx and the pistils, commonly called the torua, is c^en ciotbed 
by a layer of tissue of a glandular character, which in particular 
cases acquires a greater development and forms a promineot 
thickened ring or collar. The whorls of floral organs may arise 
either from the border or the outer or inner face of this project- 
ing ring. According as the collar is larger or smaller, the organs 
which it supports are removed from the receptacle, while on its 
thickness depends the distance between the succeeding whorls. 
This structure is the most frequent bond of union between co- 
hering whorls, and in such cases We find calyx, corolla, stamens 
and carpels not directly in contact, but arising from this tonu. 
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in tihe substance of wbich their inferior extremities are lost. 
Members of a whorl when not cohering with their fellows, are 
said to be disHnet ; when not adhering to other whorls, ,/ree. 

!278. The apparently different relative points of origin of the 
whfwlB in different flowers, arising from these phenomena of 
adherence^ affording what are called character of ingertion, are 
important lor the distinction of flowers in classification • Various 
terms are employed to express the relations of the essential 
organs^that is, the stamens and pistils. When the stamens with 
the flonl envelopes are inserted upon the receptacle and free, 
that JB, with none of the whorls adherent, they are said to be Ay* 
pttggnoua CLlh^g, 20.), or situated beneath the ovary ; when the 
atsneos o(r petals appear to arise from the c^lyx, their position be- 
Gotoevsomewhi^ lateral in relation to the ovary, and they are called 
pangymam (Xll^flg* 31*) ; the same term is sometimes applied to 
ilic} calyx ^dien it adheres to the base of the ovary (XII. fig. 22.) ; 
.tkdf>oiAyx very &eqiieotly adheres to the whole surface of the 
4MBt)^ .^d thuft* clothing it with another coat, which becomes 
iniimaftely bleisded with it, appears to arise, together with the sta- 
nmm^i ite.^ firom its summit (§ 276.) ; in this case all the parts are 
ejd^ynotM CXII. fig* 23.), and the ovary in this condition 
«6aid by the older botanists to be inferior ; in the former 
eftMSLthe ovary is*of course auperwr. Of the terms employed 
by De Candolle, thalamiflorous flowers include the hypogynous 
ibcttuf of insertion, the term tkaikmw being synonymous with 
tfastonis ; the curniMfiorota are those in which the stamens are 
acttierent to the petals ; the adycifioraus confound together the 
«pigyAOQs forms with those in which the stamens adhere to a 
free calyx. 

In the Orchis tribe we have an example of stamens and pistils 
adherent to such an extent as to form one columnar body, the 
stamens being then gynandrous (XIII . fig. 3.). In Asclepiadaceae 
the anthers borne upon a tube composed of the confluent fila- 
ments, adhere to the stigma, and in some instances, as in Com* 
positae, the anthers are united together (XIII. fig. 4.). 

279. The typical form of a flower contains four whorls, each 
consbting of five organs in the dicotyledons, of three organs 
in the monocotyledons. We meet with innumerable deviations 
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fh>m these tfp«,«iid these will be convcnieiitly atiidiodiiadef&« 
two heads of augmmiation and dmimuiiom. The aiigiiiieiiftatK»¥ 
the number of parts arises in most cases from the prodactioKof tiAt* 
tional whorls, of which an example is offered in the flowen of tin 
genus SeduM, which possesses ten stamens (XIII. fig. S.)> wbili 
Cnuiula, belong;ing to the same Order, has the noniial mudber 
five (XIII. fig. 6 .) • In RanoncolaoeK many df tiie plants possM 
several whorls of stamens and pistils (XIII. fig. 7.) ; ]^fympkm 
has several rows of floral envelopes and stamens. In MagnollBBBi 
the carpels are multiplied, and in most of the cases, -where tkc 
additional organs are very numerous, these insertions fbHsnrt 
spiral line upon the enlarged receptacle. But it is amoBg the- att* 
mens that we find this multiplication most ooniBEMmly occaniDg. 

280. At the base of the petals of RammaUut ]m ^oond a 
scale-like body (XIII. fig. 8.) ; an analogous greenish a 
at the base, outside the carpels of various Craasnlaeeee^^itidiH 
Erythtoxylon this accessory structure becomes devefaqMdda tin 
face of the petals into an additional petal, almost as lat^ as^ 
one to which it is attached. In Lyckms and oti&er C a s yu p hf l* 
laceae, a somewhat similar appearance is offered ipy'pit>jattiiig 
folds upon the internal face of the petals (XIII. §ii;^ 9«)« ^his is 
regarded as a d^wpUcaiion* of the original organ, and ts< 
upon by Jussieu, Dochartre and others, as one of the 
portant phaenomena bearing upon the multiplicaiiiBi of < 
It is considered by these authors that this tendency to diidde 
a number of parts is the most marked distinction betirswtbl 
floral envelopes and true leaves. 

In Butfmua umbellaiui, which has three sepals and three fetalis 
six stamens occur opposed in pairs to the sepals (XIII. fig; lO^); 
this is regarded as a collateral deduplication of three atafftiaai 
organs, but since there are six carpels also, following the zegulsr 
alternating arrangement, and consequently resulting fhim. the 
production of an additional whorl, this explanation is somewhat 
questionable. The dedu plication does not always takz place upon 
one plane ; in fact most of the examples exhibit the additioaal 
organs situated in one or many rows, either in tiie place «fer 
upon the face of the fundamental organ. In Luhea, one of ^e 
* In the French dedoubfement, an un-liniog. ■ 
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TIUaGese^ five distinct bundles of hypogynous staokeBs are found 
slteraatiag with the petab, and are said to arise from the dedu- 
pEcation of five originai organs. In some Myrtaoeae again there 
are only five stamens, while in Melaleuca these are replaced by 
fi:ve groups (XIII. fig. ii.). 

In the Malvaceae, Duchartre states, the bundles of stamens be- 
long, not to the staminal whorl, but to the petals, from which they 
are produced by deduplication ; and he has followed the develop- 
ment of the five groups, by subdivision, from five simple papillae 
9pporiie the petals. He believes that the staminal whorl is re- 
presei^d by the five lobes in the inside of the tube to which all 
the fihtments adhere. 

Hiese statements are much at variance with the common 
opinion of regular alternation of whorls of organs, according to 
which, oppoaiticm of succeeding whorls, as in the stamens oppo- 
site, the petals of Primulaceae, is explained by the supposition of 
the abortion of an intervening whorl. 

28i. Diminution or reduction of the parts of a flower appears 
either in the absence of entire whorls or only of parts of diem. 
iaflG^ former case the flowers are incomplete, 

Sibce the most external whorl of floral envelopes is always 
CQfMidered as the calyx (§ 269')* this can never be wanting where 
there is a corolla* ; it is ojften only apparently absent, as in cer- 
tain Umbelliferse, &c., where it is reduced to a mere ring or pro- 
)eoliDg border, or to a circle of hairy or feathery processes, called 
a PQpgfU9 in the Compositae. Flowers are often apetalous, and 
those orders where only one whorl of envelopes, a calyx, is found, 
are called tn&nochlamydeoua, e. g, in the Aristolochiaceae, &c. 
Sometimes floral envelopes are altogether wanting, as in CaUi- 
triche (XIIl. fig. 12.). 

Where this kind of reduction affects the whorls of essential 
organs (§ 270.) the flowers become imperfect, and it may occur 
when the floral envelopes are present. Many plants produce 
some flowers having only stamens, others only pistils, termed 
diclinous flowers, respectively ataminate or sterile and pistillate or 
fertUe, These forms are found especially among the Amentaceae 

* There appears to be an exception to this rule in some of the Ru- 
taoeae, where the only whorl of envelopes consists of trae petals. 
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and allied orders. Where both kinds occur on the same plant, 
as in the Oak, they are called numaeUnu ; when the flowers of one 
kind alone are found npon individnal plants, as in the Wiflow, 
Hop, &c., they are duBcunu, In the Palms, some Aceraees, 8ce., 
are found examples of the polygamoms character, where staminale 
and perfect flowers are present in the same plant or diifereBt 
plants of the same species. 

282. The suppression of parts of a whorl is one of the most 
extensive causes of the variations of the stru c t u re of flowos, and 
it would occupy too much space to go into minute details €^ the 
examples of it. The most important of the general fkcts aioiie 
can be here alluded to. ^ 

In the first place, the number of organs in all the whorls ttaf 
be reduced in the same extent ; in Buta graveolem are ibund bi^ 
four organs in each whorl, the flower remaining regular 2mA e^* 
metrical (XIII. fig. 13.) ; Circ€sa luMiana has only two orgtos 
in each verticil (XIII. fig. 14.). 

The number of organs in some of the whorls may be siitldkf. 
This occurs most frequently in the reduction of the nuthber of 
carpels, as in Solanum, with a pentamerous arrangement «f tHe 
envelopes and stamens and but two carpels (XIII. fig. 1 5.y^ bo! 
it extends also to the remainder of the whorls ; thus in regard to 
the stamens, the Scrophulariacece ofier a striking example of 'ffite 
reduction of the number. The numbers of the sepals and peisls 
(combined in single pieces) are five ; in Vtrbascwfn w^ fyad: ^ 
perfect stamens ; in Pemtemon four perfect stamens and bn^^ 
rile filament, the latter being rudimentary in Anfirrbhiumi^iifiiiik 
two of these perfect stamens disappear in Gratiola fjirffimidH ; U 
Salvia and o^er genera of the Labiatae, we have other examf)Iei 
of two stamens reduced from the four possessed by Staah^i, %it 

TVopiBolum pentaphyllum, with five sepals, has only two petds; 
Amorpha only one. Impatiens with five petals, stamens and! cwf* 
pels, has a tri-sepalous calyx ; and in Plate XIII. fig. 16.' ar, *, i, 
&c. is represented a series of plans showing the gradual degttidfe- 
tions of structure to be met with in examining a number of floWftte 
of different orders. 

283. Inequality of size or degree of union of the parts of iftc 
flower produces what are called irregular flowei^; In theedr^Mtts 
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of tb^ JLabiatae an irregular form is produced by th^ different form 
aodnnoqual adhesion of the petals, the two upper being generally 
combiived into an upper lip, overhanging the usually more ex- 
pSMided lower lip formed by the other three. In some genera 
the two superior petals do not cohere with each other to so great 
an extent as they do with the lateral divisions of the lower lip ; 
in such cases the corolla appears ajugous, that is, wanting the 
upper Up. The flowers of the Orchidaceae present a great diver- 
sity of form, arising from the irregular form and adhesion of the 
petals and sepals. The ligulate florets of Compositae only differ 
from the regular tubular florets of the same Order in being split 
down at one of the sutures. Lobelia differs from the bilabiate 
ferxa by the two upper petals being distinct down to the base ; 
Oapr\fQUwn has a two-lipped corolla, with four petals in the 
upper Up and one in the lower. 

In some cases the inequality of size in the parts of a flower 

appears to be dependent to some extent upon their position ; thus 

in the Umbelliferes we often see the outer petals much larger than 

those turned toward the centre of the umbel. In some species 

of BcohUita this is still more striking ; the flowers are densely 

crowded upon the capitulum, and those situated most externally 

hftflt^ more space to expand, have irregular and much larger 

ccoFoUas, while the small closely ^packed central florets are regular. 

Difference of size and form of the component organs of the 

whofrls render irregukir the flowers of the Papilionaceous group 

of' the L4egumlnos8B, certain of the Ranunculaceae, &c. In the 

fiiNnuer the uppermost petal is usually much larger than the others, 

the two lowest united more or less together along their anterior 

borers, while the two intermediate petals spread out laterally. 

The relative size of these petals varies much in different genera ; 

the single petal of Amorpha is the vexillum or superior petal of a 

pfffdHooaceous corolla, the other four being suppressed. In 

Qama the five petals differ little from each other, either in shape 

or «i|(e. In ])Aphinivm one of the sepals is prolonged back into a 

Bpur or pouch, and the irregular asymmetrical corolla consists 

only of four petals, two of which are elevated on narrow stalks, 

tbe ptheir two prolonged into spur-like processes received into the 

I^^Mch of tiie spurred sepal. In Acomtum two of the petals are 
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elongated bodies of a peculiar form contained in the hood foiafld 
by the two upper sepals of the irregular calyx ; the other thm 
petals are very small, and in some instancea converted into its* 
mens. In Viola one of the petals is larger and usually piovidei 
with a spur ; Impatiem has irregular and asymmetrical flowei^ 
one of the five sepals being spurred^ while the foar petals «• 
united in pairs so as to appear like two. 

284. The irregularity of flowers appears to depend in soik 
measure upon the condition of the torus, the axis of whidi is 
often somewhat oblique in relation to the pedicel, and thus tbe 
members of the whorls situated on one side become elevated tot 
certain extent, while those opposite to them are depressed in as 
equal degree. In regular flowers the axis of the torua is peipca- 
dicular to the pedicel. 

The form of the receptacle considerably influences the anaagft* 
ment of the floral organs. Thus in Ramincuhu it is an ekrated 
body, bearing the carpels on a sort of cone (XIII. fig. 1 7.> ; in J2ots, 
on the contrary, it lines the hollow tube of the ealyx* wiUuD 
which the carpels are attached (XIII. fig. 18.) upon the €xmcaT« 
walls. In the Umbelliferte and Geraniaceae it is proku^^gped np^ 
ward as a sort of column, to which the styles are at fm% jonitad 
(XIII. fig. 19-)« In DianthuB and SUene, the petals* atamea^ and 
pistils are elevated upon a stalk above the calyx. In certain nS 
the Gentians the intemode between the stamens and the ovaiics 
is considerably developed, while in Gynamdropm the axis is ap- 
parent, both between the petals and stamens and between the 
stamens and ovary (XIII. figs. 20, 21.). 

iEsTIVATION OR PRBFLORATION. 

285. Like the leaves in a leaf-bud (§ 172.)« the organs ctfti» 
flower are variously arranged within the unopened flower«l»«i; 
and as the summit of the peduncle in this condition exhihiti « 
close resemblance to the nascent branch, the relative position <d 
the different floral whorls can often be determined more 4^€car 
rately in the bud than in the expanded flower. They are sitnailed 
higher or lower or more or less exteriorly upon the rec^tapler 
and since the petals and sepals already possess somewhat of t^ifir - 
expanded foliaceous form, they must inclose one another M>>B09ie 
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extent, and -llms clearly indicate the order of their succession. 
The process of the development of flower- buds is called the «8^'- 
v^fkm or prefioratum, and the various modes of arrangement of 
tlie parts may be divided into two classes, namely that in which 
the organs succeed one another at unequal heights or in a spiral 
course around the receptacle, and that in which circles of organs 
situated in one plane are arranged one above and within another. 

286. The iptraZ aestivation is also called the imbricated (XIII. 
^%. 22. )» since the organs overlap one another ; but where they 
completely envelope one another, the term enveloping or convo^ 
liUive is sometimes substituted. Occasionally the organs are long 
enough to project beyond those situated more interiorly, but not 
sufBdently broad to inclose them, and then the organs succeeding 
one another spirally, alternate in pairs, three and three or five 
and five, &c. Five is the most common number of organs in a 
whorl ; and' if in the spiral arrangement they are not broad enough 
to allow twb succeeding organs to meet at their borders, the five 
organs generally take a qurncundal arrangement (XIII. fig. 23.). 
In some irregular flowers, as in the Papilionacese, the regularity 
of 3Ke qi^cunx is interrupted by the alteration of the point of in« 
sotton of one of the organs, which becomes situated more inter* 
nally or higher up (XIII. fig. 24.) ; this is here called the vexillary 
prefloratton. 

d87. In the ctfcu/ar aestivation the form may be valvate (XIII. 
fig. 25.), hidupUcaiive (XIII. fig. 26.) or reduplicative (XIII. fig. 
27.)» Sic., all modifications of one type, dependent chiefly on the 
size of the organs. Sometimes each of the organs may be situated 
a little obliquely, so that it overlaps its neighbour on one side and 
is overlapped in an equal degree on the other ; the upper parts of 
theifel are-tiien generally imbricated in a circle, forming what is 
calidd tiie <!oniorted aestivation (XI 1 1 . fig. 28 .) . A slight alteration 
of tiiepontion of one organ converts this into a spiral arrange- 
ment of one turn (XIII. fig. 29.). 

As ill the case of the leaf-bud (§ 172.), the separate organs 
may present peculiar modifications of folding within the flower- 
bud ( in tshe Poppy the petals are contracted into a multitude of 
wrinMed folds.. 

288« Thfe relations of the succeeding whorls of floral organs to 
each other present many peculiarities. In Nymphcsa the organs 
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pMt impmeptibty one into anodier in a spiral come ; tibe^ 
holds good as to the calyx and coioila in Magmoiia% vAlwmiat 
the different colours and forms of the organs of the calyx anrf 
corolla generally mark the distinction^ even where the icgaiv 
S|Hrai coarse is followed throng both, fint this spiral anaags- 
ment is frequently interrupted by the suppression of some orgns 
between the last of the calyx and the first of the coraUa ; aid in 
some instances the spiral described by the organs €tf the coralii 
is turned in the opposite directioo to that of the calyx. 

Again, the calyx may be valvate while the corolla is coBt)oited» 
as in MalvaccK (XIII. fig. 30.) ; or the calyx imbricated and the 
corolla contorted, as in Agrottemma Githago. In general tbe 
▼ahrate and contorted Kstivations are characteriatic of a Ki^|ohr 
calyx or corolla ; the spiral arrangement is common to the legahr 
and irregular forms. 

Most flowers lose these peculiar relations of position in the 
course of their expansion, but this is not the case with all ; tke 
condition of the margins of the sepals will generally indicate tbs 
character of its aestivation ; where it has been valvatej they «c 
usually found to be thickened, while in the imbricated fonns the 
overlapping borders are usually thinner. 

289. The stamens and pistils can of course afford no evadeux 
of their relative position by enveloping one another, bat the oo-. 
equal degrees of development give some evidence. The different 
members of one whorl often exhibit a considerable dififerance of 
perfection of structure, and in many instances, where the fUiwer 
possesses numerous stamens, the component whorls are distinct 
in the early condition of the bud. The position of the stamens in 
aestivation in some Malpighiacese affords some evidence ia favour 
of the theory of deduplication (§ 280.), the petals which endosB 
one another containing each a stamen in its axil (XIII. fig^ 31. )« 

290. The terms anterior and posterior, &c. are applied to tbe 
organs of the flower in describing their position. 

That organ of a whorl which is directed toward the axis^ t^ 
plant whence the pedicel arises is called posterior or su^^erior^ 
that next the bract or leaf in the axil of which the pediceMjS pro- 
duced is anterior or inferior. When there are four orgaji^a in a 
whorl there will be an anterior, posterior and two lateral*. Jf fiv^ 

ere will be one sepal posterior, two anterior and two lateral, as 
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tn Rosaoese^ lAbiatiB^ kc., the reverse being the case with the 
Uteniatlng petals^ and thus in Labiatse the bilabiate corolla has 
tvr<^ lobes in the upper lip and three in the lower. In Legomi* 
aoBje the odd sepal is anterior or inferior, and thus in papilio* 
aaceoiiB corollas the odd petal or vexiUitM is superior or pos* 
terior. 

Tlieae relations are generally constant in the same plant, and 
olten throughout whole families, as in the case of the sepals of 
Rosacese and Leguminosse. In the Scrophulariacese one of the 
two carpels is always posterior, the other anterior. 

Again, in Zingiberacese it is always the posterior stamen which 
ia fertile ; in Marantacese one of the lateral ; in Orchidacese the 
fertile stamen is anterior, although apparently posterior, the true 
poBJEtioQ being disguised by the twisting of the ovary. 

Sect. III. The Flokaj. Envelopes. 

!^1. The envelopes of the flower already alluded to (§ 269*) 
require some special description, uid here there is some little 
difficulty in avoiding an arbitrary ilivision of these parts. It 
haa been stated that the outer whorl is called the calyx, the 
inner the corolla; but that when, as is frequently the case, 
the latter is wanting, that whorl which is present is considered 
asf a calyx, and the flower is called apetalous : there are some few 
exceptions to this rule, in which the members have the distinct 
petadoid character and the coroUine nature is evident. 

Among dicotyledons the calyx and corolla are usually distin- 
guishable by their difference of colour and form, but in the mo- 
iiocot3riedonous orders we find the envelopes to consist of two 
concentric whorls of organs, often all exactly alike, and usually 
petaloid in their nature, but sometimes, as in Asparagus, all green. 
In otfa^ families the three outer organs are green, like a calyx, 
and the three inner coloured and petaloid, as in TradeseanHa, 
AUsma, &c. Now all these forms of structure are so closely 
alfied together and so plainly identical in their essential nature, 
that it would be extremely artificial to arrange them under separate 
heads of calyx and corolla. To meet this difficulty, the collective^ 
tertes perianth and perigone were invented ($ 269.)* which have 
been applied indiscriminately by various authors to the envelopes 
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of dicotyledons and monocotyledons, where the floral ofigans tn 
all alike. The most convenient method, however, is to rotriet 
the term perianth to the monocotyledons and to use the term 
calyx in the case of the dicotyledons, whether applied to outer or 
the only existing whorl. 

• The Calyx. 

292. The calyx is composed of the whorl of sepals, whid 
may he distinct or adherent by their contiguous margins. Id 
the first case it is called poly-aepaUnu ; in the second, wheir 
the component parts are united into a single piece, it is termed 
monO'$epalou8. The sepals possess a distinct foliaceous cha- 
racter, generally resembling the bracts rather more than tme 
leaves. Their structure, nervation, &c. resembles that of leaves, 
and the epidermis of the outer or inferior surface is provided mtb 
stomates (§ 66.), and sometimes clothed with hairs, or even 
glandular. The nerves are chiefly composed of unrollable sphal 
vessels (§ 54.), and are parallel in the monocotyledonsj xeticulated 
in the dicotyledons, the mid-nerve indicating the centre of ejich 
sepal in the monosepalous calyx ; in this latter, distinct nerves 
are often found running up the line of union between contigiioas 
sepals, forking at the top and branching off in the body of the 
sepals. These intermediate nerves are composed of the latei^ 
nerves of the two adherent sepals, united together. The sepa^ 
are seldom narrowed below, so as to appear petiolated ; neither 
are they often lobed or otherwise incised at their margins. To 
the Rose is an example of divided sepals, and in the species R^ 
mex we find sepals both toothed at the margin and with the outer 
face tuberculated and provided with hook-lik^ processes. lo 
PhUmtB tubero8a there are two teeth between each of the five 
points of the calyx ; the latter answer to the mid-nerves ; the 
others are lateral teeth, each sepal being trifid. In ChanudoM- 
cium plumosum the calyx appears to consist of twenty-five parts, 
^ut in reality it has only five deeply five-lobed sepals. 

Their usual form is ovate, either obtuse or acute ; the directioD 
is either upward, erect ; inward, connivent ; inclined outward in 
different degrees, divergent, patuUnu or reflexed; in the last the 
apex is turned downward. 
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^J393. The calyx, taken as a single organ, as has been stated, 
Uklf,y^ be. polysepalous or monosepalous. In the latter case various 
t^jyofi are employed to indicate the degree of union, &c. of the 
component parts ; the words which characterize the condition of 
the margins of leaves (§ 146.) are again brought into use here to 
describe the condition of the border of the calyx, and this is jMir- 
tite,fid or dentate, according to the depth of the fissures between 
t^e contiguous sepals, and entire when they are united up to 
their apex. In a calyx thus consisting of a single piece, that 
part where the sepals are united is called the tvbe ; where they 
are free, the limb ; the point of junction between the limb and 
the tube is the throat ; the segments of the limb (indicating the 
component sepals) receive the name of 2o6es. 

The sepals are generally indissolubly united in the tube of the 
tnonosepalous calyx, but in some cases the adherence is but slight 
and CBnothera very clearly shows the real composition of such a 
calyx, since its sepals have tacunm at intervals along the line of 
adhdsion. 

294. When the sepals are of equal size and like form, or, if 
united, all of the same height ; again, when unequal in size their 
number is even, and they are arranged symmetrically, the calyx 
is called regular. If these conditions are not fulfilled, of course it 
is' irregular, and this must always be the case when the number 
is uneven and they are of unequal size: a secondaiy kind of 
irregularity ensues from the unequal adhesion when the parts are 
alike, but generally speaking regularity depends upon equality 
and symmetry, and although unequal adherence interferes with 
these in appearance, it does not in reference to the essential 
structure. 

' ' It will be evident from the foregoing that all possible inter- 
mediate stages may exist between perfect regularity and the most 
(fistinct irregularity. The most common form of irregularity 
arising from adhesion is that of what is called a bilabiate calyx, 
where the sepals are more or less separated into two lips by two 
fissures deeper than the other three (XIV. fig. 1.). 
' ^P5. The calyx is often angular or prismatic, and at the angles 
will be found the mid-nerves of the component sepals, as in La^ 
mium,' Primula, &c. This mid-nerve may extend beyond the 
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parenchyma^ as in tine leaves (§ 158.}* prodacing proyediBg 
points ; the sepals are then called apiadate, mmcromate or tpmau, 
according to the length* acuteness or rigidity of the point. Tboe 
points indicate a want of proportionate developiiient of pares- 
chyma ; sometimes it is altogether absent, as in some AcBBthi- 
ceoQs plants. Among the Composite, the free portion oi tke 
calyx called the pappiu, presents a great variety of modificatioBs 
of this structure. Sometimes the lobes consist of naembnuu)i$ 
scales called pateee ; where there is nothing but the nervvs, tbe 
pappus is phmote when it consists of mid-nerves having pii- 
nate lateral nerves (XIV. fig. 2.) ; piloM when the niid-4iene 
alone remains (XIV. fig. 3.) ; and aristate when only two or thse 
more or less rigid and spiny processes exist (XIV. fig. 4*)* A 
membranoma pappus is formed by the union of all the parts lata 
a narrow crown, and in some cases the free portion of the csifx 
disappears altogether. In CeniranthuB ruber (XIV. fig. 5.), the 
free portion of the calyx is rolled inward upon itself until tk 
corolla has fallen, but during the ripening of the fhdt it nnlnidB, 
and extends into a feathery pappus. 

296. The form of the calyx varies much, more especially in tk 
monosepalous kind. It is called tubular when of the shape of a 
tube ; but this is a general term, not indicating any pavfitobr 
modification of a tube. Among the most striking fonns are tlie 
eupuliform, when it is cup-shaped (XIV. fig. 6, a) ; ^&ose(XIV. 
fig* 6, b) ; conical (XIV. fig. 6, e) ; urceolatc, when inflatted hdow 
and contracted at the throat ; turbinate, somewhat of the shape 
of a top (XIV. fig. 6, d, e) ; campanulate (XIV. % 6,/) r "l^ 
dibuliform or funnel-shaped (XIV. fig. 6, g) ; cUtuaie (XIV. 
fig. 6, h) ; cylindncal (XIV. fig. 6,i) ; inflated (XIV. fig. 6,k}. 

They may be further complicated by being eompreand at two 
or more sides, causing the section to become ovate or angular; 
or having the base intruded, when the tube of the calyx curves 
downward from the peduncle slightly before it takes the regs- 
lar ascending direction ; truncate when it passes off at right 
angles ; and attenuated when it at once takes an ascending direc- 
tion, expanding gradually from the summit of the peduncle. 11k 
intruded base is a transitional form, leading us to the irregulari- 
ties caused by the expansion of the sepals into appendices of 
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.vuioiis kinds where the calyx or individual sepals become gUt- 
hau» or enlaiigcd at one side ; ioceate where a portion of the sepal 
or calyx is protruded outward in a sac-like form ; or spurred 
^rhere this protrusion is very long (XIV. fig. 7*) ; appendicuhite 
wheie^ as in Campanuia media, the sinuses of the calyx are fur- 
nished with an appendage formed by elongation downward of the 
eonnivent margins of the sepals (XIV. fig. 8.). The spur of the 
calyx of Delphinium is a prolongation of its superior sepal ; that 
of JVopgBolum formed by the cohering prolongations of three 
sepals; in Pekarfonium the tube is a prolongation of the upper 
sepaU adherent to the peduncle. In 4conitvm the upper sepals 
are' enlarged and curved into the form of a hood. The sacs 
formed by these enlargements of the sepals frequently receive 
wothin diem the processes of the irregular petals which accom- 
pany them. 

297. The small intermediate teeth found between the principa 
divisions of certain calyces^ as in some of the Rosaceie, result 
htnxL a dsfforent cause from any of those yet spoken of; the 
leaves of the plant on which such a structure is observed are ac- 
companied by stipules (§ 156.), as in the case of FotentiUa, &c. ; 
^ analogy between sepals and leaves at once explains the nature 
of the intermediate teeth, which consist of the coherent stipules 
of the two calycine leaves between which each of these occurs. 

29S« The exterior or epuctdyx, which is outside the regular 
'caAyx'inthe Malvaceea (XII. fig. 190* is regarded by some authors 
as really an additional calyx (§ 272.), but more generally it is 
<e0Qflidered 4o be an involucre. Since the essential nature of both 
bracts and sepals, and therefore of involucre and calyx, is the 
same, this question seems to be a mere question of names, only 
important in relation to the definition of the terms used in orga- 
nography ; it would appear however to be a special modification 
more allied to the calyx than the involucre, on account of the 
definite number of its component parts. 

299. The duration of the calyx is variable in different plants. 
In the Poppy it falls before the expansion of the flower, and is 
said to be caducoM ; where it falls with the corolla, or soon after 
fecundation, it is deciduous ; it is persistent where it remains 
attached during the maturation of the fruit, or it may be persist- 
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ent at the base only, as in Daiiara Siramamum, whom 4#«iwv 
part separates by a horizontal fission. The persistant calyx ifa«| 
dry up and become hardened daring the maturation of the fiai^ 
and is then called marctscent ; if it grows during tike saosa ^ciioA 
it is accrescent, as in PhyBalia and Belladorma, It aoiattiav 
becomes membranons during this expansion* fonaing a kiBdaf 
bladder, as in the Trefoils; in T.fragiferum the inflated af•i^ 
dcular calyces crowded together, acquire somewhat of the Amb 
of the fruit of the Strawberry* 

The persistence of the calyx affords protection to tha 6vt 
during the process of ripening, and the peculiaritiea of it»iiBf« 
frequently assist in the dissemination of the seeds, for instaon 
in the case of the feathery pappus of certain Compoaits^^ia 
the calyces provided with hook-like processes^ inclosing tbe'Mt 
of ChUwm, &c. 

•• The Coroixa. 

300. Ihe corolla consists of the whorl or wborla^f ^gpm 
situated between the calyx and the stamens 3 these Ofgwim,^ 
petals, are generally distinguished by their more d«Utfatertti;;Qelwr 
and brighter colours from the sepals, but, aa haa bHea isMNi 
already, they occur in some cases in a coadition wlicM thcK 
characters are wholly wanting, while the oocasioaally pelaklkl 
structure of the calyx increases the confusion. FroK».th«i JiHl^ 
mens they differ both in form and function, since the iotmUM Me 
enentiaUy organs of reproduction, while the petals do> bQi| ft|li« 
part of the envelopes ; but here again we meet with tranailmi 
forms* as for instance in NymphuBa, already alluded to C^^^tt^)' 
The petals present a system of nervation (§ 143«) aaak>gpfl»*la 
that of the sepals and leaves. The petals have one chameter ix 
which they resemble leaves more than sepals do* MutieJ^^itiNf 
are sometimes furnished with a petiole, or what is anado^qot to 
one. The base of the petal is attenuated in these cas^ into a 
narrow base called the claw ; the upper expanded poftiop is 
termed the limb (XIV. fig. 9, a, &)• 

301. Form of Petals. — ^They exhibit a much ^r^a^.^^irict? 
of forms than the sepals. They are regular when ^bffj.fi^Kf^ 
divided into two exactly corresponding portions by a '°fTfTi^i)im 
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doWtft the centre ; in the contrary case they are irregular (XIV. 
fig* ID.)- The figures of the outline in various petals have re- 
Qtlved a multitude of distinctive names, of which may be enu- 
memted the foDowing : — linear, oblong, elliptic, lanceolate, ovate, 
m^icukiie, cordate, cuneate, gpathulate, &c., which need no 
ex|>littiiltion ; but the general form assumes such a multitude of 
fltriiige characters, that it is impossible to describe them by 
a^Qtective terms which would be readily intelligible ; among the 
shapes arising from mere curvature of the limb may be cited 
the ooneove, the navicular or boat-shaped, and the spoon-shaped 
or etkhkarifmrm. 

They also present great diversity in the condition of their 
borders, the division however never extends beyond that of the 
fifflC degree of that which we have met with in leaves (§ 146.) ; 
thus we have them emarginate, crenate, serrate, bifid, trifid, pin- 
not^, &c., but never bi-pinnatifid, &c. They are sometimes 
fimbriate or fringed, as in Dianthus alpestris, and laciniate, as in 
i^j^^lftU flM-cacuU, Entire petals are met with universally in 
sMSe orders ; certain incisures of the margin distinguish some 
giOtti^; in other cases the species of a genus all differ. 

tsmUfpCftale are as it were squeezed up in an irregular manner 
ifi'OiM kind of testivation, as in the Poppy (§ 2870 : as the petal 
is^'hMie of very delicate consistence, it retains traces of the 
wiMLleB and is termed corrugated. In certain plants they are 
foniishvd with appendages of various kinds, like the spur of 
fMs^ (lecttlittr to one petal, or of the Jquilegia, where all are 
Bpvrred. Others have a kind of duplicature (§ 280.) projecting 
at the point of junction between the claw and the limb, as in 
Km e d a j tometimes this is fringed or laciniate, as in Lychnis 
(XIIL fig. 90> while the Umbelliferse often have the summit in- 
flected and bound down by a kind of strap arising from the middle 
of the petal ; in several species of Poly gala one of the petals ter- 
minates hi a delicately-fringed crest. 

302. PoLYPETALOUB CoROLLA. — ^A polypetalous corolla con- 
stats of one or more whorls of petals which are not coherent ; 
or by reduction (§ 281.) it may contain less than a whorl, the 
number of members being indicated by the terms di-, tri-, tetra- 
ptiaknu, &c. Thus- the typical number of organs in a whori is 

L 
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five (§'278) among the Dicotyledons, but'CSfrtfit hah AWf Iwi 
petals, the Cruciferse but four, &c. 

It is called regular when made Up of petals of likeTonn sod 
si2e, as fn the pentapetalous corolla of the Hanuntt^ irlere 
the petals are unlike, as in Aconitum, it is irregular. A regtihi 
corolla may be formed of irregular petals (§ 301.)> prorlded^ 
these are all exactly similar. 



Certain forms of irregularity are distingaished by i^ 
named, as the papilionaceous corolla of a large titimbefof Legti- 
minosae. This is composed of five petals, one only of VMdr 
regular, namely that situated posteriorly (§ 290.), Whidi i& i»!° 
than the others and is called the t;ean7lifm (XIV. £^. ih «) ^ 
standard ; anteriorly are found two petals of itregdl&tih^^ 
corresponding to one another, so as to produce a ^ptnaJkij^ 
the two lateral halves of the flower ; their feces are perpeaidic^ 
to that of the vexillum, and they combine togetii^r betew'ttiftim 
a boat-shaped cavity enclosing the esseniiai wi^a^'i^'^^-y^ 
these two receive the collective name of the tatina' or ktsA (XFV. 
fig. 11,65). On each side, between the ve^dHum and tKir titaiB. 
occur the aUe (XIV. fig. 11, c c), also irregular in fOhn Wititottt' 
spending to each other. Itie shape of the peHiJiA sM^i^v^^ 
of attachment to the receptacle varies very muth, aftd'tk'^is'^ 
forms of papilionaceous corollas is thus presented firbn^ ^jM^ 
irregularity to perfect regularity. . u. .- '- 

303. MoNOPKTALOUs CoROLLA is the term applied; ^"ifi^ 
case of the calyx, to the condition where the petals iriretA*^^ 
into a single piece, and this cohesion is fonnd to exist itt'alH'^ 
sible degrees from the mere union at the base to '^jbto^ 
fusion. Tlie older botanists regarded the monopetalo^3 i^ff^ 
as formed of a single piece, and hence is derived (lift T^^ *' 
names relating to the condition of the border resulting Wi^** 
various degrees of union. The free portion of each pettfiis*' 
nominated a tooth, lobe, &c„ according to its size andt!i€'«*«l»r 
indicated by the prefix 6»., tri-, &c. ; the adjective t^htf fiws^fi- 
tained is applied to the corolla exactly in the same maiiflef ^^ 
the calyx (§ 293.). 

304. The monopetalous corolla is regular or irregular ac<6ri- 
ing to the eqnnlity or difference of the size, form and adhesioB 



t)(,\ta,compoj^ent petals. The parts me^y even be irregular^ as in 
polypetalous corollas, provided they are all alike and sympo^etri- 
gftlly;,ajcrwjgfBd, as ia Finca, &c. 

^ .,1^ rf^gfular forms are very various like those of the moDO- 
^^alQU9 calyx, and they are for the most part described by 
^fPiilAJC terms, eg. tubular, globose, &c. (§ 296.)* The corolla 
is also divided Uke the calyx into tube and limb, meeting at the 
iikrfidt or faufc (§ 2930* The two extreme forms perhaps are the 
tubular X^lYs. ^g. 12.), which has scarcely any limb, and the 
rpi^f QCiy..£g, 13.)> in which the limb is horizontal and pro- 
vj4f^ ^Ui- scarcely any tube. 

^ 305.^ Zn^egular monopetalous corollas present themselves in a 

jgjceat .diversity of forms. Of these the most important are the 

.^oZ^if^, the jper«o)»a^e» and the ligulate. The labiate (XIV. fig. 14.) 

^^I^{,i,ta,name from, the condition of the limb, which by the 

^^]y^);^l^,a^esjj(;m of the lobes or component petals, becomes 

divided into two principal divisions, which being situated ante- 

r^^ e^4 posteriorly, and the posterior generally overhanging 

^1;^ j^t^^r^ bear some resemblance to a mouth, and are called 

t)^e(.i^i){^,;and htoer lips ; the tube remains opea. The upper 

^fjpif^eporfUy presents two secondary divisions and the lower 

tthjT^^.infiiqating the five component petals. The upper lip takes 

^'f^^ua 4ix^cti/(^ns, being sometimes straight, at others spreading, 

or curved in a sort of arch or vault over the mouth of the tube ; 

.j[|he(lDwer lip is sometimes entire, at others variously lobed, den^ 

ifUff^tf^', and its lobes are either^/, concave, or rejlexed. This 

.|^^,jQharacterizes the Labiatae and certain genera belongiog to 

j^ftp^j^r/iers. The jper#o»o/e (XIV. fig. 15,) differs from the labiate 

^4(]^^YJn the form of the mouth. The lower lip is, as it were, 

])^v^rt^ i^Xid the mouth of the tube closed by the large convex 

,^^,p(the lower lip, called the palate, extending inward toward 

.tjipi^j^pp^r side of the tube ; this corolla is found among Scrophu- 

)^p»fefSL and Lentibulariacee. 

,, ,It. has just been stated that the lips of a labiate corolla are 
^variously lobed according to the condition of adhesion of its 
parts ; in Lobelia the upper lip is divided nearly down to i\\e 
^9^.,, (p ,^c<i^voh (XIV. fig. 16.) there is no cohesion whatever 
l2 
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btttwteothe two superior petals, while their anion with theisfe' 
rioTy and of the latter with each other, i* eqvaJL, aikdtbmife 
formed a regular corolla split down to its base and expand^ life 
a ftm. This form is closely related to what is caUed the liguhte 
corolla. The flowers of the Compositae are usually denomiflitt^ 
florets, from their small size, and the corollas present tlKBudm 
under three forms, the labiate, the tubular and the ligmiate ; Ik 
latter only difiSering from the tubular in the fact of its being spfit 
down at one of the sutures and expanded in a flat ribbo&JiR 
form, ^e border of which exhibits ^ve teeth, ccfrreBpoadibg • 
tiie five component petals (XIV. fig. 170 • 

From what has been said (§ 301.) respecting the appeadi^ 
or processes of irregular petals, it will readily be conceived tM 
similar structures should preseot themselves in xnencfpetdMi 
corollas. Thus in Linaria the base is spurred by tile sae-Bfe 
prolottgatioD backward of the intermediate petal of the^ky^wiflili- 
In Antirrhinum this projection is a mere sac and the eohsttril 
called gibbous. In a few cases the petids are fdond'tUilMtt 
their apices, as in Pkyteuma among the monopenalons '6am, 
while the polypetalous corolla of the Vine haa its petals edMtt 
at their summits. 

306. CoaoNA. — I have already mentioned (4 301.) tha^ntt^ 
petals are provided with a kind of appendix at the jnaddoa^ 
the claw with the limb ; in a monopetalous corolla- ^ese m» 
also be coherent, forming a kind of ring at the throat, ¥iiitii$B 
often fringed, as in Nerium Oleander. 

S07. ScALBS. — Many corollas bear scales at the montiiefAs 
tube, often covering up the parts contained within it. Iliey aie 
often of greater consistence than the petals, and are found either 
beneath the divisions of the lobes (XIII. fig. 1.), or betvireen them 
(XIV. fig. 18.) ; the first case is evidently analogous to the corona 
(§ 306.) ; these scales are common among the Boragiaec* 
Cuseuia, &c. 

308. The duration of the corolla is expressed by the tanw 
caducous, deciduous and persistent, in the same sense as thc^t^iie 
applied to the calyx (§ 2990 ; here again too we QoeasioQally 
have the base alone persisting, as in Orobanchs and JWngnfjbf, 
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dwre it ramains and surrounds the ovary. The corolhi of Mi^ 
ubUis is flesJiy at its base, and this part persists^ becooMS har-r 
etied and wri&kkd, resembling a reed. 
309. Dbvb&opxbnt or the Floral Envelopes .•^Accord* 
ig to Schleiden the floral envelopes make their first appearance^ 
1 Lupkima, under the form of small distinct cellular papiU» of 
f|ual aixe; those of the calycine whorl first and those of the 
(voiliae whorl next. In this plant the corolla is polypetaloa«» 
nd the petals of unequal size when they have attained their 
all development. In Malvaceae, which have the sepals more or 
isa united at the base, and in Primulaceee, where the calyx is 
abttlar> Duchartre states that the first appearance of the calyx 
B a little prqjecting ring, which subsequently presents the five 
irmoieiiceB indicating the quinary structure ; hence the mono- 
itpalQua form does not arise from actual fusicm of the parts. 
U' tbe same oirders also he found that the stamens always ap- 
teatted n^t in order after the calyx, and that the petals aiter- 
urards presented themselves between the two first- formed whorls; 
kiA he coniuders as a strong evidence of the truth of the view 
wMi^ assttfftes that where the stamens are placed opposite the 
letals, they all belong to one whorl and result from deduplica- 
U)A((.880.)^ consequently that this structure does not arise 
^om thft' abortion of an intermediate whorL Bameoud says 
•hait be baa observed the development of the irregular corolla in 
M QfdudMB, Itabiatfe, Scrophulariacee, Aristolochiaceee, Verbe- 
laceae, Leguminosse and Polygalacee, and that in all cases the 
pttpiilit' indicating the lobes were equal at the time of their first 
appearance. 

Sect. IV. The Essential Organs. 

* Stamens. 

810, 'llie third system of organs, counting from without in- 
wards, is called the Androscium (§ 2710» as the stamens of which 
itts composed are supposed to represent the male organs of the 
PtftYiti la its most highly developed condition the stamen con- 
^^'^two parts, the jNomeaf (XII. fig. 18, c),the thread-like stalk 
BttppoHin^ Ihti Anther (Xll. fig. 18, d), which is a thickened body, 
comprehending a variable number of pouches or cells containing 
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the pollen (J 333 etaeq.) or fertilizing powder. The anthertJocfe ft 
essential in the stamen, and when the filament is wantin'g, itHi 
said to be semle ; where the anther is imperfect or undeveloped, 
the organ is called an abortive or sterile stamen. 

Thb Fiijlmbnt. 

311. The form of the filament is very variable ; commofilrll 
iaJUiform and slender, as in Dianthua; in the Grasses it id tdi- 
pillary, while in Butomus umbellaiua it is subulaie, Geaeraity 
speaking it is cylindrical, but it is also found more or less "^t- 
tened. In Erodium it is ^^ and memhranoim ; inCampaMe 
dilated at the base, forming a kind of arch over the ovary. OfwP 
thogalum has the filament (/t7a/e<f throughout, a transiSionttl'ftflf^ 
between the foregoing and that of Canna, where the anther is 
borne upon a petaloid filament. 

Occasionally the dilated filament is divided into thr^ teet^ at 
its apex, the central one, either longer or shorter than the o ftW r s ; 
bearing the anther, as in Allium (XIV. fig. 19.), Alpstan baiHfd^iiak, 
Omithogalum nittans, &c. ; in Allium sativum one of tite'te^t^^i^ 
elongated like a tendril (XIV. fig. 20.). Filaments aresbiiitfthi^ 
furnished with little branches or teeth when not difated/eitlf^''ttt 
the base, as in Rosmarinua officinalis, where the filatai^€^ib 
spurred, or at the summit, as in Crambe, where it iifork^. '^'* 

In certain cases they are accompanied by a different kihtfW 
appendix, the filament not arising immediately fVom ilM He6^ 
tacle, but from the anterior or posterior (§ 290.) face of akfM^ 
scale. In Simdba (XIV. fig. 21.) the filament proceeds frott ^ib 
back of the scale, which is consequently interposed betweenitMtiid 
the ovary ; in Borago (XIV. fig. 22.) it arises from the fiace'oTWe 
scale which is prolonged upward in the form of a beak. In a 1^ 
cases the filament is merely toothed throughout its whole! ^eIi;^ 
(XIV. fig. 23.) or alternately expanded and contracted, gitrteg H^a 
nodose or moniliform appeai*ance (XIV. fig. 24.). •' -"^ 

312. It is stated by some authors that filaments are ^6tBk' 
sionally articulated, but we must not confound the stamens 4f 
Euphorbia with such cases, since in these each stamen ebteti- 
tutes a fiower, and the apparent articulation n the node^ id&- 
catingthe suppressed calyx (XIV. ^g. 25.) . In a few ctlses tfa^fitt- 



tH* ANTHER. 161 

p^^)i\\9iflxe geniculate, that is, iaciined at a sharp an^l^ near their 
^ptfx, without any articulation. The direction taken by filaments 
\f9f(\e3 much* as does also their length. They are frequentljr 
erect, incurved, recurved, pendulous, &c., and are very long i^ 
^\ich9ia, lAUum, &c., short in Primulacese, Boraginese, &c. They 
may be so small that the anther appears sessile ; Viola is an ex- 
Hn^ple of the difficulty of distinguishing a sessile anther from one 
Tiyri^ a short filament, the stamens having been described under 
b9^ characters. • 

';3)ia« FUaments are generally of a more or less pure white 
^POloWf^. but they often occur vividly tinged with some of the 
fyU^urs of the envelopes ; they are red in Fuchsia, blue in Tra- 
ifeficanUa virginica, yellow in Ranunculus acris, &c. 

Thb Anther. 

tj., 314-, Thei anther generally consists of two lateral and parallel 
chambers called locuU (XIV. fig. 29* a, a) separated by a third 
pOllioPxniQre or less continuous with the filament, the connective 
^XlVy fig.'2!9, i). The chambers or locuU are each composed of 
Xfj^^^fiqn9l valves, the point of junction of the valves being the 
/9fci^ <XIV» fig. 29* c,c). At the dehiscence of the valves is ex- 
^^;»j^, 9. kind of partition extending across the loculus on each 
side firom the connective toward the suture, which it sometimes 
^l/i^^s I Jthia is the septum (XIV. fig. 29, d, d). That surface of 
J^^.aiither generally looking toward the petals, to which the fila- 
^^i^t is attached, is the dacX: ; it is in most cases more even than 
.f^ fyifi^ and bears no indications of the chambers. The facet the 
ff^jg^aiteside^ commonly looking toward the ovary, has the cham- 
-j^ra pjrqj^cting from it and leaving between them a furrow ; the 
j^j^^TQ^ also look inward, and thus the inner valve of each cham- 
rj^ti^ narrower than the outer (XIV. fig, 29, e, e) . The sides are 
^pfl course those portions intervening between the face and the 
hack, and the breadth is the distance between the point of attach- 
.ment and these sides ; the length, the dimension at right angles 
ttp'Xhft br«adth. 

,t 3I>$* Strvcturb. — Since the stamen in common with the 

,ff^)ier,^rAl organs is regarded as a modified typical leaf, we have 

Ipi^i^gyice what are the special conditions under which the leaf is 
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here to be recognized. The filazaent iii«y deiucly be-fegwnlf^f^ 

analogous to the petiole, both froin its shape and po^tios^vi 
from its anatomical structure ; the little vascular bundle iW 
tatns being continued unbranched throughout the filament^ ■ XI19 
anther presents greater difficulty at first sight. On nkakJ#g:A 
transverse section of an unopened anther of the .ua^al Iqnn 
(XVI. fig. 1.), we see four pollen chambers {d, d) disposed i» tipHi 
pairs, each pair being contained in one lobe of the antlipr iwi^ 
separated from the other by the connective (a). The twa cltfuqa^ 
bers of each lobe are separated by the cellular mass (f), ^vvM^ 
is the septum. 

Now if we imagine that the pollen is produced out of ,|hf 
cellular tissue of the leaf, that is, from the diachymiit pr Miigo-. 
phyllum (§ 139.)> it will be seen that such a structure m ^k^- 
represented in figure 1 . Plate XVI. may result from the IblclllPfl^ 
inward of the lateral halves of the lamina of the leaf apon.tjlAefiifa; 
selves ; the outer coat (e) then represents the epidermis of t^un^ 
ferior face of the leaf, the septa (/) that of the upper iaca We^494i 
where it is folded upon itself and considerably thickened ; o»jA^ 
vascular bundle of the connective representing the midrjjb* . ., .v. 

In Nymp/usa the gradual conversion of the petal into.« ft^ypfl^^ 
has been described, and in Caima (XIV.fig.26,) the organ fb fowjui 
in a transitional condition ; one side is regularly petaloi^d^. urbik^* 
the other consists of a simple unilocular anther* In double S^oMAc 
a yellow substance like imperfect pollen is oftenfound \n tjbif^H^ • 
borders of the inner petals (XlV.fig. 27.). In Fi8Ctfm ,o%|iif|t^ifiCOi 
is apparently no folding of the fundamental organ uppu i^faeiH' 
the whorl consists of an apparent corolla, the lobes of which'l>Mv* 
pollen, which appears to be developed in th^ auhataiioe.,Mili. 
discharged at the inner face (XIV. fig. 28.)» • .i^Ui 

316. At their first appearance the stamens are com|)pae4 oi^^' 
delicate homogeneous cellular tissue ; by the time the Jocult b^gjvi 
to appear, the internal tissue has become divided into two kM9» 
one of which goes to form the walls of the Zocttli, the other d«r ' 
velopes into pollen (analogous to what we have seoa $i^(iw 
place in the thecse of the fiowerless plants) ; the outi^ffflW^* 
layer forms on its outer surface a kind of epithelium (§ ^^M^ 
which in some plants (Gladiolut, Pa98\florcO is forqwd o^tcMIt 
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«lbiij^led in a direction perpendicular to the snrfaee, near the 
mH^ttt^. Between the cellular tissue of the walls of the loculi and 
tlM which produces the pollen is a layer of cells which subae-i 
qu^tly become absorbed, and thus leave the central mass free. 
In most atrial plants are found layers of spiral- fibrous celU 
(1 47.) ; usuaHy there are but two (XVI. fig. 2.), situated benea^ 
fh^ epithelium of the substance of the walls; but in a few 
inifances only the epithelium, or even the whole parenchyma pi 
the anther with the exception of the epithelium and the vascular 
toi^e of the connective, acquires this character. 

The structure of the contents of the loculi will be considered 
ui^er the head of the development of pollen (§ 333.). 

'917. The distinction into filament and anther which has been 
aitf^ted for the convenience of description is to be regarded as 
(ttfifieial, since the parts are indeed representative of the petiole 
and lamina ($ 315.) of true leaves. The connective (§ 314.) is 
tfa^ part of the anther most directly continuous with the fila-t 
meiit, Itnd where they pass at once into one another without any 
seiisible conttractlon the anther is immoveable ; it is moveable or 
versatile when there is an articulation, or the filament is much 
afltcttnated at the point of attachment. When the anther is 
ifittiftediately continuous with the filament, the latter is of course 
(hoiked to its hose (XV. fig. 1.) ; sometimes it is attached at the 
htt^ at various heights. The cases where it is attached to the 
btek must not be confounded with those where the filament is 
really attached to the base of the connective, but the chambers or 
lofMi are elongated downward, either separate and resembling 9i 
hf^haae, or in contact so as to make the filament appear as if 
attti«3i6d to the back. In Tulipa Gesneriana (XV. fig. 2.) the atte- 
nuated point of the filament is received into a cavity in the base 
ot'th^ connective. 

'^8. Where the filament is attached to the back of the con- 
neettfe; the latter is prolonged downward, and in certain cases 
it eitends beyond the loculi of the anther, in Ticorea febrifuffa 
(XV. fig. 8.) into a fieshy appendage ; in Melastoma heterophiflla 
the filament is actually attached to the filiform appendage at the 
base -of the connective. 

On the other hand, the connective is sometimes prolonged up- 
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ward beyond the evmmits of the ioeuli ; most freqUcDll^ in 
«e«ft^ AOthen. In Xyhpia grandiflora the prolonged Bp^itai 
the connective is fleshy and truncated (XV. &^, 4.). AmoagKhe 
Violets (XV« fig. 5.) it is a coloured petaloid membraae. JSttohof 
the five stamens of Compositfe presents a membranous expansion 
on the apex of the connective, which in the bod combuMT to 
cover up the style. Again, the connective may not extend* tcr th« 
summit of the anther, which thus becomes tmarginate (X.V. fig«^») 
or ki-JSd (XV. fig. 70» <uid by the occurrence of this character M 
both extremities, both apex and base may be emargifiai^ or h^^t 

3] 9* In the foregoing instances the enlargement of the.flQUi^ 
nective takes place in the longitudinal direction, being gpenefal^jr 
narrow, and thus but slightly separating the loculi; but.:thi9 
enlargement also occurs in the opposite direction. Th^ ^oih 
nective in such case becomes broader, and consequently iieniQv4s 
the loculi to a greater distance from each other, as ia Hfliaw 
grandiflora (XV. fig. 8.) and Thywnta Patannus (XV^ fig. d^h. In 
Salvia praienaia the connective is a curved filiform body (SXx 
fig. 10.) articulated on the summit of the filament, one extiximtijr 
bearing a chamber containing pollen, the other an abortive pdlienK 
cell. In Stachyt the connective b sufficiently expanded kitemUy 
and inferiorly to bring the two chambers into a horisootal ' Koe 
(XV.fig.ll.),asal8oinPHifie2te(XV.fig. 12.) ; iaBtomitdiAh^i^ 
foUaiait gives the appearance of a bifurcate filament (XV, fig. Ird^), 

These anthers rendered horizontal by the enlargement <il Ihf 
connective are quite distinct from those rendered almost fttolt" 
asontal by the curvature of the filament, as in many Sorbphiila- 
riace« and Orobanchaceae (XV. fig. 14.). 

820. In Viola we find two of the anthers spurrtd (XV* fig« 15i)^ 
this appendix is an enlargement of the connective in soum qssci^ 
in others it arises from the point of junction of the coaoratift 
with the filament. • v > . 

The connective, although commonly linear and narrower Attains 
a much greater size in many cases and assumes a vaifietyvof 
toms, such as ovate, orbicular, hmulafe, &c. In tbaumh^Blar 
anthers it is sometimes wanting ; but in these cases, wheeeiibat 
part of the filament by which it is attached to the aiutlier_b 
dilated, it is considered to be the rudiment of a cooanSettf^t 7. i 
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" 3iilw> T^e loeuU also take a variety of forms, which, together 
With 'diose of dw oonnective, determine the shape of the anthers 
lii Qneorbitaceas they are linear but convoluted (XV. fig. 16,)^ In 
Soiamon (fig. i7.) the aides are as broad as the face or the back 
(4> 3i4.), and then the anther is tetraffonous, 

* The loculi also are inrntshed with appendages in certain cases ; 
kv a great many Compositae, Orobanche and EuphraBta, each 
loihiius exhibits a point at its apex. Among the Ericaceae ooeur a 
^fliriety of forms of appendix ; in F<iccinium Vitu-idma (KV. fig. 1 8 .) 
ea^K locnlus is prolonged upward into a narrow tube. In the 
Metastomaceae the two loculi unite into a single tube at the 
4p#t. They are generally parallel with each other, but by pe^ 
eulla# oonditions of the connective they assume all degrees of 
dAt«rgence, as may be seen in Scrophulariaceas ; sometimes even 
they^are arranged in a horizontal line, as in Stachya (XV. fig. 19.)> 
«»Chyt after the opening of the sutures (§ 314.) it is difficult to 
aicertain whether there are two loculi or only one. In the Len- 
tibdlnriaceae there is actually but one, the point of junction being 
vadicatbd'by a slight contraction. In Polygalacese (XV. fig. 20.) 
atadtAnpaarantaoeaB (XV. fig. 21.)# cdso in some Conifene, only one 
chnoibef exbts, and there is no contraction. 
nTheUttilocuiar anthers resulting from the suppression of one 
l9Mu» must not be regarded as analogous to those just described, 
^dde tlie ' former are evidently incomplete and irregular, while 
ttt^ litter represent a more complete stage of the metamorphosis 
oft&0leafi 

''iIwtheLaurineee we meet with quadri-locular anthers, re*» 
suiting from the greater development of the aeptum (§ 3I4.>» 
"Whiih liere extends quite to the border and unites with it* The 
ftf»t» of these anthers however are not exactly in the same 
tcUoicw to each other as those of the bilocular anthers ; in Peraea 
gratisaima for instance, the situation of each single chamber 
^if^v^ bilocular anther is occupied by two placed oUiqaely one 
^Kt the other. 

'' The' anthers of the Coniferae and Cycadeae deviate to a great 
tmUtft from the usual forms, particularly that of Taxus (XV* 
figiiSiw). The morphology of these organs will be examined 
hereafter (^'930.). 
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322. The face of the anther is generally turned towatd 'die 
ovary ($ 314.)> in which case it is called introrse ; where ?f 1s 
reversely directed^ looking to the petals, it is esetrarse. ^TJfie 
really extrorse anthers must he distinguished from such as those 
of Pasnflora and OxaUa, which, really introrse, become, subse- 
quently to the expansion of the flower, extrorse, by their weight 
bending down the slender filament so as to reverse the position 
of the faces of the anther. 

323. Dbhiscencb. — ^The loctdi of the mature anther opeti to 
emit the pollen contained within them. Usually the dehlscen^re 
consists of a longitudinal splitting down in the line of the suture 
(§ 314.)« by which the two valves of each loculuB become f^ee 
from each other. Sometimes the slit does not extend all down 
the suture, it may be arrested at any point of it, and often no 
trace of suture is visible beyond such point. In Ericaceas the 
loculi open by oblong lateral pores (XV. fig. 23.) ; in Sotanum, by 
terminal pores (XV. fig. 24.) . The long tube which terminatesllfe 
anthers of Melastomaceae (§ 321.) presents a single aperture at 
its apex. In Berberia (XV. fig. 25 .) and Laurua nobilis (XV. fig. 26.) 
the anterior valve separates with elasticity like the lid of a box, 
being only retained by a small portion of its border at the 
s«mmit< The quadrilocular anther of Persea graiSaMia <^)^en8 
by four such valves (XV. fig. 27.)» '" "^^^^-'^ 

All these cases may be included under the head of lOogiMtiii^ 
dehiscence, and in like manner must we regard the d<^iifiGete 
of the anthers, rendered horizontal by the enkirgeiaent o^4ft^ 
connective (§ 319.)> since in these the loculus is sil^ated^llliatti- 
versdy. But cases occur of true transverse dehiseeii6«- taAiiig 
place across the anther, by a slit extending from t^ comledtlfe 
to tiieside, as in AkhemiUa, Lavandula (XV. fig. 2&.), Lemii»^^liiL 

324. The andiers dehisce at various stages of the exi6€eb4S^^ 
tfete flower ; sometimes in the bud, sometimes after ibef 9%i0fet 
hftS expanded. Many open at the period when the pistils ka^ 
attained their full development, others before that epochs J^'ii 
some flowers all the anthers open at once. Acoordii^'tO^Vtt*- 
eb«r^ the stamens nearest the centre open first in d^ msfci , 
thoae nearest the circumference in HellekorwB. la'FtiimiSiiU 
pdlmtris each anther inclines sacoesftively to#ai^ fiM^^fbti^ dfi^ 
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cji^r^ea^ th^ pollen^ and returns to its former positiopt* ITiese 
p^e» of irritability will be more fully spoken of hereafter- The 
i^y^hers take various forms after the discharge of the pollen^ 
whi^ it would be needless to enumerate ; it must be remarked 
however that this renders it necessary to examine the unopened 
^ther to ascertain the true form. 

^ 325. Anthers are of various colours, usually yellow> black in 
many Poppies, red in the Peach, &c. 

,^ 326. Sterile stamens have already been spoken of (§ 310.). 
^iiaong the Scrophulariacese sterile filaments are often found 
ii(idicating reduction (§ 282.) of the flower from the typical regu- 
J^ity, Again, in Geranium there are ten fertile anthers with 
flattened filaments ; in Erodium, an allied genus, five similar fer- 
tile ^inl^ers alternating with five filaments destitute of anthers. 
^^ Af)ortive stamens sometimes appear in incomplete flowers, as 
4p tbs female flowers of Xanthoxylum, where there are even 
sfi^hers cpntaining no pollen. The expanded sterile filaments 
Jjiave an important share in the formation of the androphores 
<$,,329.)* . 

/•■.\ . • 

, . The Andrcecium. 

till ^ 

^[^^^^ Under this collective head we have to examine three 
kinds of relation in which the stamens stand to each other and 
t^i'ths adjacent floral whorls — of number, of position, and of 
ft^lififdon. The number of stamens contained in a flower may equal 
Ijlj^tof the petals and sepals, the flower is then isostemonous ; 
jitf^a^ty in this respect renders it anisoatemonoua. In the latter 
^cyil^:the number may be less than that of the outer whorls, 
p^fi^temanom; double, diplostemonoua ; or more than double, 
j^^l^i^t^mw^ous. It has already been shown how these conditions 
I9a|^ jresolt either from reduction (§ 282.), from the presence of 
il^7 Additional whorl or whorls (§ 279-), or from deduplioatian 
/-&.fl800» The relative position of the stamens as regards tbie 
fptal^i ^0,, whether opposite or alternate, &c., has also been in^ 
Hiaitiga|ed(§273,). 

^^^ mhi^ adhesions with these whorls, and the consequent appa«* 
jj^l^tmertion relatively to them, and more particularly the calyx, 
s^i eii^plj^n/^ in the dafinition of the terms hypogynQUi, peri* 
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Sfnmm, Md tjpi^ymiUB (§ 27d.)>: Where the fitaWNiB «re sMcitter 
than the tabe of the corolla they are said to be imtMMi^ tte 
cootnury case they are tMaarted, '--^^ 

328* A fsw coBsideratioiis remain as to their relatianr'tMi 
each other. They may all be perfectly distinct and ind opca id tent 
(free) ; or coherent (connate). 

The cohesion may be confined to the antbers> as ia Com^ 
sitae. Lobelia, &c. (XIII. fig. 4.), when they ane said to^be ^ffngetu^ 
nms or synmUherous. Bat it is most frequently by theiv fiUtBmts 
alone that stamens are united, the union taking place lu^vaiMi 
conditions ; where they are combined either into a ^iigle ^pitoi 
bearing the anthers, elevated on portions of the fflagieafei: of 
variable length upon its upper free border, 9tofia(2e{pAa«9i8tBmets 
(XV. fig. 29*) ; or into two, three, or many graopa, tSfmeie ait 
rangements being respectively termed diadelphoua, tri^ddfkmi^ 
and^ofyode/pAoiM (XV. fig. 30.). * n ^i :i 

In the first case, in a complete flower (§ 273.> . the ' fila— iiiii 
must necessarily form a tube surrounding the pistil, «B'hi>ilftiliBa| 
but in incomplete, that is male flowers, where no pistti exitts^tht 
filaments may form a central column. Where there vare sevisnd 
groups, they may each have the form of a segment of a^eiooieflar 
of a column ; both forms occur in the genus HppeHomm.<i%?i* 
fig. 31.). The stamens of Fumaria are diadelphous, aa slsanve 
most of those of Papilioaaceous Leguminosse > in the latter lease 
the ten stamens are distributed into a bundle contsining-Mt 
and one remaining solitary and free (XV. ^g. 32.). V '. 

In the bundles or groups of stamens again, the filamei^ miiy 
be united in their whole extent or only at the base ; in the AtBX 
case forming a column, in the second and commoner conditiqa 
the filaments often branching off at different heights. . . . 

These groups of stamens are also furnished with peculiar api- 
pendages in some instances; these probably depend upon the 
nature of the deduplication (§ 280.) ; for instance in Uthea CXVi. 
fig. 33.), already spoken of, the group of perfect stamens iB-wttted 
to a peculiar expansion, bearing at its summit a number of thread*^ 
like bodies resembling sterile filaments. In Leaea^ agaiBi tthe 
petals are succeeded by an alternating whorl of petaloid bodies^ 
each bearing several anthers. '^ w' 
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loi^ftSc' Ibe kvnAnBdropkvre it applied to the xpiece Ibrmed^by 
ti\si9 o^bsHTiMice' of A number of £lwnentB. The androphore is • oo* 
casionally of considerable size in proportion to the number 4!if 
{Mj^Keffai since sterile, intermediate filaments may enter inta the 
f»Klhii!fttfa>n. 

330. In Cucorbitacese and in Lobelia fidgens, the adhesion 
esUieiida'tkroiighoat the whole stamen, anther and filament. It 
1)A» just been stated, that in male incomplete flowers the coherent 
atesuna aay form a central oolnmn ; in Cucnrbitacett they we 
stftea. tims united ; in Pkifllanthue and Cissampeloe die four stiV4 
menp are united eo as to present a slender filament terminating 
in ftdiae, around which are arranged four unilocular anthers. St. 
iiilati« fennd in ihe male flower of Fragariopsia scandens (one of 
tlic :£aiphorbiaicefie) seven unilocular anthers situated upon a 
fMm!iiialfe'peduBeie> fleshy and rounded like a minute strawberry. 
It is not improbable therefore that the idea thrown out by Zuc^ 
cftiMSii^tO' the .nature of the so*called stamens of the Coniferae 
fHidvC^cadfie is correct, viz. that each body commonly regarded 
•lii Or. Abamtti in Tatrue (XV. fig. 22.) is in fact a male flower, 
isaeb-jeelli of the anther indicating a distinct fundamental organ 
lUiw tr mii ig to a leaf ^ each peduncle would then be regarded as 
ahalogaKato.a brandi. Various intermediate forms reduce this 
AQOtbelsimple'two^'Celled or bilocular anther of Pitms (XV. ^g, 34.) , 
-while m.jkbie$ (XV. fig. 35.) this is still further simplified and be* 
^MMesimilooular, and corresponds to a single cell of the anther 
of Taxus, In the Cycadece we find the anthers (or according to 
^ift viBw> the male flowers) arranged all over the under surface 
itf 'a icommon scale (XV. fig« 36.), instead of possessing each a 
apecialcsirsie, a» in Conifers. 

331. The relative length of stamens gives rise to certain pecn* 
liforities^ In the diptostemonoua flowers (§ 327.), the stamens 
'o|lposite the petals are generally shorter than those alternating 
Witiv tiiciB. Where the stamens are numerous, the length m«y 
inevtase in the whorls from the centre to the circumference, as 
ih'4»aay Roeacess, or in the reverse direction. 

tilTbe Sitamens of the Cruciferae, of which four are long and 
«(vimged in pairs alternating with two solitary shorter ones (XV. 
fig* 37 0> ^c called ie/r«H]^amot». The stamens of the Labiater, 
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PenoDttte, &c, are normally five in number, but one is usiiallf 
more or less suppressed, and the remaining four are arranged so 
that the two upper are longer and correspond to the upper lip 
of the corolla, while the others, shorter, are lateral ; this con- 
dition is termed didynamoua (XV. fig. 38.). 

332. The directions taken by the stamens have been spoken of 
in the description of the filament (§312.). One alone remains 
to be mentioned, namely the deeUnate, where all the stamens 
are curved towards one side of the flower, as in the Horse- 
chestnut, &c. 

Pollen. 

333. STaucTUBs. — ^The central portion of the parenchyma of 
the young anther (§316.) gives origin to the pollen granules. A 
single row of these interior cells gradually develope into a cylin- 
drical assemblage, composed of a variable number of what are 
called mother-ceUa. Within these mother-cells anew generation 
speedily makes its appearance, each containing in most cases 
four, but sometimes only two, under which latter circumstances 
each of these two at once produces another pair. The four cells 
thus produced from the mother-cells are called the special' 
mother-ceUa, and within each of these is developed a single 
poUen-celL In all, except aquatic plants, the pollen-cells are 
soon clothed by the deposition of one or more layers forming 
the outer pollen membrane which exhibits peculiar markings, 
always constant in the pollen grains of particular species. The 
mother-cells, and subsequently the special-mother-cells, are 
usually dissolved and absorbed during the perfecting of the 
pollen, but this does not always take place wholly; in many 
Monocotyledons the dissolved substance of the mother-cells 
acquires the character of a viscous or perhaps oily fluid which 
adheres to the outer pollen membrane; in Onagraceae long 
viscous filaments are found among the pollen grains, connecting 
them in chapiets ; these are probably secondary spiral deposits 
formed within the primary or secondary parent-cells. What is 
called quatemary pollen arises from the gluing together as it were 
of the four pollen grains of a mother-cell by the viscous matter 
resulting from its dissolution. Sometimes two pollen grains %n 
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otiiCed itt this manner, sometimes eight or a greater number (XV* 
^^. 89.). ^n the Orchidaceae the parent-cells are wholly resolved 
into a Tiseid matter which connects all the pollen-grains ibto oi^ 
raa^s; and may easily be perceived among them as a tenacious 
substance which may be drawn out in threads (XV. fig. 40.)* In the 
Asdfe^Jiadaceae it seems as if the mother-cells alone are absorbed, 
and tliis at an early period ; the special-mother-cells remain, 
arid the whole of the outer layer of these produces no pollen- 
grains, so that the coherent mass of pollen of each loctUus ap-% 
pears to be enclosed in a special cellular envelope (XV. fig. 41.). 

334. During the maturation of the pollen, its component 
structures not only increase in number but in size, consequently 
the outer layers of tissue (§ 316.) forming the walls of the loculi 
are gradually broken down and absorbed to make room for the 
internar expansion, until the walls of the anther at last frequently 
consist of but two or three layers of cells ; the septa (§ 315.> 
also, which, originally divide the polliniferous tissue into four 
compartments, are by degrees absorbed, appearing only as thin 
walls in quadrilocular (§321.), as imperfect partitions in some 
bilocular (§ 314.), and wholly removed, together with the con- 
nective, in perfect unilocular anthers (§ 321.) • The external 
walls alvvays become thinnest at the places corresponding to the 
lines or pores of dehiscence (§ 323.). 

'335. A peculiar structure is connected with the pollen masses 
oftbie Orchidaceae. The polliniferous tissue is sometimes con- 
tinued dpwnward to a little projection at the base of the anther, 
called the rostellum ; in other cases the prolongation is at -first 
independent of the rostellum, but before the opening of the 
valves they become united by the absorption of the intervening 
tissue. This prolongation becoming converted into a tenacious 
substance, appears at the period of dehiscence as a stalk (ca«- 
dif^Tus) upon which the pollen mass is supported, the stalk 
itself adhering to a similar viscous matter produced by one or 
two littl^ cellular masses (T^tinacula) on the upper surface jof 
the rostellum (XV. fig. 42.). 

336. A perfect pollen -grain consists of the essential poUeU'* 
cell, 'which in all but certain aquatic plants is invested by an 
ext^rdal coat. In the exceptional cases, occurring in certain 

M 
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ZosteracesBf tbe simple polkn-ceU lias a tabnkur form. Hie 
internal envelope is formed firsts and the external^ which ooca- 
sionally contains more than one layer, is deposited upon it while 
within the tpecial^pareni'eeU. It exhibits peculiar proBuneaoes 
upon its outer surface, which, since they frequently haye thalbiBi 
of anastomosing ridges, give it a reticulated appearaaoe^ which 
has led some observers to the erroneous condusioQ tfaaft it is 
made up of numerous minute cells. The interspaces of tlie leti- 
culations are frequently filled up with a gelatinous matter. 
These regular reticulations often give the poUen-grains a beautiful 
appearance, as especially in the Passiflorese. The proj«ctioiis 
occur also as points, cones, papillse, nodules, &c., either regularly 
arranged or scattered without order upon the surface. The 
colour of this external layer is generally yellow, rarely green* 
blue or red. The granular or otherwise marked external coat is 
generally covered by an oily matter, which gives the colour to it 
and renders it opake ; the smooth varieties are usually withoat 
it, and transparent. 

337* Form.— The most common form of the pollen-grains is 
oval or ellipsoidal, more or less attenuated at the ends ; in a few 
cases it is spheroidal, or it may have the appearance of an. assem- 
blage of segments of a sphere, frequently three, forming a tn- 
gone (XV. fig. 43.). Other grains are polyhedral, and the plane 
or slightly convex faces sometimes present ridges at their solid 
angles (XV. fig. 44.). These faces are not always equal, two of 
them (which may be called the poles) usually exceeding the rest in 
size. The form varies considerably according to the degree of 
humidity ; thus when dry the angles are sharper, or the poles of 
the ellipsoid forms more prominent, while if wet they are unns- 
turally distended, 

338. Almost all pollen-grains exhibit on their surface certain 
places either resembling slits or sharply-defined circles, at which 
points the outer membrane is either wanting or is so thin as to J 
be invisible. Some grains have only the slits, some only pores, 
others both together. 

Most of the Monocotyledons have a single longitudinal slit, as 
in Gladiolu8 (XV. fig. 45.), extending from one poleof the ellipse 
to the other ; in some cases the slits are shorter and equidistant 
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from the extremities. Dicotyledons have usually three slits 
(XV. fig. 46.) ; there are a few instances of two, still fewer of four; 
bat six occur much more frequently, and twelve and even more 
have h^en observed. They are usually straight, but Mimului 
moichatus presents an example of spirally curved slits. 

Hie pores present similar modifications, one being the common 
number in Monocotyledons, as in the Grasses (XV. fig. 47.) ; 
three most frequent among Dicotyledons (XV. fig. 48.)* When 
there are many pores, they are frequently arranged in a circle 
around what may be called the equator of the pollen grain ; or 
Ithey may be scattered regularly or without order over the surface 

(XV. fig. 49.). 

The slits usually appear, in their natural condition, like little 
folds projecting inward, which, when the pollen is moistened, 
become distended and project outward. The pores are at first 
merely thinner circular spaces, which when the grain is wetted 
swell out like a little globule formed of a transparent membrane, 
which is the internal coat, or, as some authors state, the outer 
in a condition of extreme attenuation. The latter statement 
has probably arisen from the fact, that in some cases, as in 
Pamfiora (XV. fig. 50.), the pores are reticulated like the rest of 
the surface, and are only indicated by a circular line ; but when 
the grain is wetted, these pieces become detached in this line 
(XV. fig. 51.) and fall off like lids, whence this kind of pollen has 
been called operculaied^ In some instances the pores occupy 
the projecting angles of the pollen-grain, as in the trigonal pollen 
of the Onagracese (XV. fig. 52.). In a large number of Dicoty^ 
ledons both pores and slits are present, combined in various 
proportions. The polyhedral grains, which occur in many Corn- 
posits, have the pores either at the angles or in the midst of the 
faces. 

339. When the pollen is enclosed only in a single delicate 
membrane, if it be wetted at any point, the absorption of the 
water by endosmose tends to expand the pollen vesicle, and it 
extends itself at the place where it has been wetted, finally 
bursting. In most kinds of pollen where there is an external 
denser coat, the expansion, under similar circumstances, is limited 
to the ppres or slits, and this operation may be hastened by the 
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addition of nitric acid ; the internal membrane is protraded in 
these situations and finally bursts, emitting the contents (foviUa). 

340. Thb Pollen-tube. — Under the natural conditions the 
pollen does not present the same phenomena. When it falls 
upon the ttigma (§ 348.), it has only certain points in contact 
with the fluid secreted upon that organ, the expansion takes 
place more slowly, and since it is confined to one (or very rarelj 
two) points, the prolongation of the internal membrane may 
become extended to a considerable length without bursting. 
These conditions may be imitated by a slightbi moistened surface. 
When this elongation takes place upon the stigma, it produces a 
tubular process, within which the contents of the pollen-grain 
may be detected, and occasionally moving in regular currents of 
circulation (§ 770 • This tubular process is called the poUen- 
tube or utricle ; i|s functions will be alluded to hereafter. 

The contents of the pollen- grains at first consist chiefly of a 
granular matter (protoplasma, § 13.), which is afterwards re- 
solved into a more watery fluid. The remaining ^-anules are 
mucilaginous ; toward the period of maturation these increase 
in number, and among them are mingled oil globul«9> and fre- 
quently a greater or less proportion of starch granules. The 
fluid thus becomes more concentrated and contains less water, 
and toward the completion of the development of the pollen- 
grain the contents become somewhat contracted, producing the 
appearance of infolding at the slits ; this concentration of the 
fluid of course renders its endosmotic power stronger. The reti- 
cular circulation (§ 77-) ceases within the pollen-cell long before 
its maturation in all known cases except Zosiera mtxrina, butthe 
granules of the contents exhibit an active molecular motion, 
often in the poUen-cell, always after their expulsion, even in 
pollen taken from dried specimens or after the application of 

tincture of iodine^ 

** Thb Disk, 

341 . The term disk is here used in a restricted sense and ap- 
plied to a certain class of those accessory organs which have been 
included under the general term of nectaries. By the dish I 
mean the appendicular organs, of whatsoever shape, which are 
found between the stamens and the pistils. 
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The disk is probably composed of a distinct whorl of organs 
in those cases where its lobes alternate with the stamens ; where 
they are opposite, it may be a result of deduplication (§ 280.)- 

It appears in various conditions; most frequently petaloid, 
but often reduced to small glandular bodies. In some cases the 
petaloid expansions are large, as in Helicteres (XVI. fig. 1.), or 
small, as in jlquUegia. In Biscutella auriculaia the disk is com- 
posed of ibur small scales. Sedum has five glands, and many 
Cruciferte, e. g. Cheiranthua Cheiri (XVI. fig. 2.), only four. 

The constituent parts may cohere, and they are then usually 
in the glandular condition. In Cohtea there is a disk with ^ve 
lobes (XVI. fig. 3.) ; in Veronica it is entire (XVI. fig. 4.). The 
height also is variable, and it may present itself either as a little 
raised ring, a cup of greater or less depth, a tube, or even, as in 
PtBonia Moutan, as an envelope completely enclosing the ovaries 
(XVI. fig. 6.). 

Some portions of the disk may be suppressed (§ 282.) and but 
one or two glands remain to represent it, as in Melampyrum 
eriatatum, some Cruciferse, &c.; or it may consist of two whorls, 
as in Arbuitu. These cases are evidently conformable with the 
phenomena of suppression and multiplication which we have 
met with in the exterior whorls. 

342. It would be well to limit the use of the term nectary to 
the glandular bodies which secrete the sweet viscous fluid whence 
the name originated. These bodies occur indiscriminately on all 
the floral organs, very frequently as little scale-like bodies at the 
base of the petals, as in Ranunculus, but also in other situations, 
mostly on the inner surface and often at the apex, as in the 
stamens of many Rutacese. The disk is very frequently necta- 
riferous. 

*♦* Thb Pistil. 

343. The pistil, the central terminal organ of the flower, being, 
AS we have already seen (§ 270-), composed like the stamens 
&c., of a whorl of accessory organs, is of course subject to similar 
modifying laws, and we meet with reductions of the number of 
parts, various degrees of adherence, &c., exactly analogous to 
those occurring in the outer whorls (| 274 et acq.) . Its relations of 
position and adherence to these outer verticils have been already 
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examined (§§ 273-8 .)» and we have now therefore only to consider 
its own peculiar structare and the relations of its individual parts 
to each other. To this end, it will be most convenient to pro- 
ceed as in the case of the stamens, and in the first instance to 
investigate the nature of a single carpel. 

The Carpel. 

344. In a former section (§ 270.)* it was stated that the carpel 
consists of three parts, the ovary, the style, and the stigma ; this 
is the case in a highly-developed carpel, but the intermediate 
portion, the style, may be absent, and the stigma under these 
circumstances is sessile upon the ovary. 

The ovary, the lowest part of the carpal, as seen in plants 
where they are distinct, e. g, Crassula ruhens, is a chamber en- 
closed by rather fleshy walls which arise, below, from the sura- 
mit of ihe receptacle, and are continued upward, gradually 
becoming attenuated, into the style. Withm the cavity or cell 
are found little oval projecting bodies, the ovules, attached by a 
delicate tissue, the placenta, to the walls. 

llie style, which is continuous with the upper part of the 
ovary, is usually an elongated cylindrical body, and temSinates 
in an expanded apex which is the stigma. 

That surface of the carpel turned toward the floral envelopes 
is called the back or dorsum ; opposite to this are two autfaces 
meeting at an angle, which angle looks toward the centre of flie 
flower, the two faces toward the contiguous carpels. 

345. The proof of the real nature of the carpel is to be obtained 
by tracing its development in the bud and by examining the ano- 
malous conditions which it exhibits in many cultivated flowers. 
In a very young condition of the flower-bud the carpels may 
be detected as little greenish concave bodies, scarcely distinguish- 
able from nascent leaves (XVI. fig. 6, a) ; a little later they become 
more concave, and finally their borders ineet and become united 
(XVI. fig. 6,c). A hollow body is thus formed by each carpel, 
within which the ovules speedily make their appearance, springing 
from the inner surface of the walls. 

In the double Cherry, the central organs appear as leaflets, the 
lower portion consisting of an expanded lamina^ while the upper 
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poctioii is elongated into an attennated body, terminating in an ex- 
pansion resembling the stigma of the normal earpel (XVI. fig. 7.). 

346. Stbuctubb.'— •The ovary is composed of parenchymatous 
tissue* which is generally more succulent than that of the leaves. 
The vascular bundles which ramify through this consisting of 
unroUable spiral vessels (§§ 47« 54.)« run upward, converging 
toward the style ; they vary in number, and are sometimes simple, 
sometimes ramified. The cellular tissue of the walls does not 
present distinct layers like those of the leaves (§ 1390» but is 
bounded externally by an epidermal layer (§ 66.), and gradually 
becomes more lax and delicate toward the interior, which is 
clothed by a layer of epithelium (§ 65.). 

347. Tlie style is not a prolongation of the midrib of the leaf, 
but rather a continuation of the infolded lamina, for it is a 
parenchymatous cylinder with the vascular bundles distinct and 
arranged in a circle near the circumference, passing upward in a 
straight line, and terminating at various. distances below the 
summit. When we examine a section of the style with sufficient 
magnifying power we always find it hollow; a canal in fact 

. extends from the cavity of the ovary to the stigma. In certain 
cases (XVI. fig. 8.) this canal is freely open ; in other instances it 
is somewhat obstructed by cellular tissue which is often very 
lax, and havmg many gaps between its cells. This tissue always 
differs very much from the general parenchyma of the style, and 
Qv^n when somewhat dense, it is clothed by a layer of filiform 
projecting cells (XVI. fig. 9.)* 

At the period of fecundation the canal of the style is occupied 
by a quantity of elongated cells of soft and humid nature, almost 
like a lining of mucous filaments ; these form what is called the 
eondnoting iiaaue of the style. 

348. The stigma appears to be a continuation of the lax tissue 
yrhich is expanded at whatever point the canal of the style opens 
externally. The stigma is terminal when the canal extends to 
the apex ; lateral, and of varying length, when the orifice is on 
one or even both sides (XVI. fig. 10.). The outer cells of the 
stigma are often developed into papillae (XVI. fig. 11.) or hairs, in 
other cases they are more compact and closely united at the 
surface. At the period of fecundation, all the cells of the stigma 



178 THE GYNjBCIUM. 

as well as of the conducting tissue become filled with fluid, which 
is generally viscous, and exuding upon the surface of the stigma, 
renders it moist and glutinous. It is this fluid which causes 
the dehiscence of the pollen-grains (§ 339.) in the process of fer* 
tilization. 

The Gtnjecittm. 

349* This central system may be composed of one or many 
carpels, either distinct or more or less united together* When 
each carpel constitutes a distinct ovary, it is simple ; when several 
unite to form one body, this is called a compound ovary ; this 
term compound, it must be borne in mind, does not refer to the 
number of cavities, but to the number of carpels entering into 
the composition of the ovary. 

350. Where the ovaries are numerous they may be situated 
in one plane, arranged in a single verticil (XVI. fig. 12.), or at un- 
equal heights, arranged spirally upon the receptacle or summit 
of the axis. The receptacle under these circumstances is pro- 
duced into an elongated cylinder as in Magnolia, a cone as in 
the Raspberry, &c. and Ranunculus, or it may form an excavated 
cup clothed externally by the adherent envelopes (§§ 278* 356.)» 
and bearing the carpels on its inner walls, as in the Rose (XHI* 
fig. 18.) • I have already mentioned that the axis is sometimes 
developed considerably between the stamens and the ovary, as in 
Getttiana, Gynandropsia, &c., this stalk-like body being called 
the gynophore (XIII. figs. 20, 21.). ,, . 

In certain modifications of the gynsecium, composed gf a. 
number of simple ovaries, the style appears to arise from the 
receptacle and not from the summit of the ovary, as above de- 
scribed (§ 344.). This is explained in the following way : — In 
the carpel which was described in that paragraph (§ 344 ,)« the 
style was terminal or at the apex of the ovary ; but if we imai- 
gine the point of the carpeliary leaf to be inflected to some extent, 
the style will have a lateral position (XVI. fig. 13.) ; a further 
degree of inflection bringing the apex of the leaf down to a level 
with its base, would render the style basilar (XVI. fig. 14.). , .Now 
all these conditions are met with ; the pistil of the Strawberry is 
basilar, while in many allied plants it is lateral. 
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If then the ovary be sessile^ and still more> if it be slightly 
sunk in the surface of the receptacle, the basilar style will appear 
to arise from that organ rather than from the ovary ; this is 
what is called a gynobase. When several gynobasic ovaries are 
sitaated in one plane, the styles usually become blended, forming 
a central column around which the ovaries are arranged ; these 
then appear to be devoid of styles, as in Labiatse, Boraginese, 
&c. (XVI. fig. 15.). 

This is quite different from what is found in Gerauiacesej, 
Umbelliferae, &c., where the axis or receptacle is elongated into 
a central column beyond the carpel and the styles attached to 
it. This is called a carpophore (XIII. fig. 19.)* 

The simple ovaries are sometimes united together, either 
wholly or only in part : in the Labiatas, &c., as we have just 
said, the styles alone are coherent ; in the Apocynaceae and 
Asciepiadaceae the stigmas alone are united together (XVI. 
fig* 16 ). But it is at the lower part that the cohesion is most 
frequently met with. 

351. When the coherence extends to an actual blending to- 
gether of constituent carpels, these lose their individual title of 
ovary and are called the carpels of a compound ovary. Among 
the Ranunculacese, those genera having a follicular fruit present 
all the stages of a transition from simple to compound ovaries. 

Aa the separate ovaries each present a cavity, so the com- 
pound ovary may present a cavity corresponding to each carpel. 
Each cavity will then be separated from its neighbours by a 
<2ott&2e wall, that is, by one of its own lateral walls in contact 
with one wall of each contiguous cell. These partitions are 
called dissepiments, and divide the interior of the compound ovary 
into as many compartments as there are carpels. False disse- 
piments are sometimes met with, generally composed of loose 
cellular tissue. Where the carpels are placed side by side, true 
dissepiments must always be vertical, and all horizontal par- 
titions be regarded as spurious dissepiments, as in Catharfocarpus ; 
but tbey are also often vertical, as in Nymphma (XVI. fig. 170 and 
in Datura, where the ovary, though four-celled, is composed of 
two carpels only. Horizontal true dissepiments occur in the 
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Pomegranate, where the ovary b composed of several wtioria of 
carpels. 

The 09U$ of the ovary are also called i^culi, whence tiie terins 
utri'locular, bi^loeHkir, muUi-loeuUir ownrie&, are employed to 
indicate ^e number of cavities. They are however a remoaat of 
the old terminology which was founded on tiie mistakea view 
that the oompoond pistils were single organs ; it is betterahmyB 
to express the number of carpels and cells, and die degree of co- 
hesion. 

It will be evident on consideration that the disaepimentft must 
alternate with the styles where these latter are free. 

352. In the compound ovaries just described, the carpels are 
found in a condition resembling that in which they present them- 
selves when distinct, that is to say, with their lateral portions 
folded inward and their borders in contact at the mneroroeB^nsi 
iuture, looking taward the axis of the plant. 

A large number of compound ovaries are formed in a different 
manner. The carpels, instead of folding inward toward the 
centre, merely adhere by their margins to their neighlioiirs on 
each side, and thus present themselves as the external walls of 
a single large cavity. Here the ovules must be differently at- 
tached, since in the many-celled as well as the simple ovary they 
are attached to tiie ventral suture, which in this case does not 
exist. This question involves an inquiry into the relation of the 
ovules with the carpels generally, and we must now examine the 
different kinds of placentation or mode of attaehmei^ of the 
ovules, and briefly consider the views which are entertained as 
to their morphological import. 

Placentation. 

353. The name of placenta is usually applied to the line or 
ridge projecting into the cavity of the ovary, upon which the 
ovules are borne. Some authors restrict the term placenta to the 
attachment of each individual ovule, and include the rows under 
the general name of placentariea or pistiUary cords. The placenta 
may extend from the base of the carpel to the origin of the atyle, 
or may be confined either to the base or a^x ; where there is 



BIiAOBNTATIOir. 181 

more thAa one ovule^ tbe placenta is a line which projects from 
the ventral suture in simple and many-celled ovaries (XVI. fig. 18» 
o> 6) ; from the confluent margins of the carpels of some one- 
oelled^ compound ovaries (fig. 18« c), and aroond a free central 
asia in others* The first form is called aarik placentattoa^ the 
Becond parietal, and the third cefUral. The axile and the parietal 
placentas pass gradually into one another, through a multitude 
of transitional forms resulting from the varying extent to which 
the margins of the carpels are inflected (fig. 18^ d, e). 

Ead^plac^tal line is essentially double, one half corresponding 
to each margin of every carpellary leaf; thus in the axile placenta- 
tk>n each placenta belongs to a single carpel ; in the parietal, on 
HiM contrary, the placenta is composed of two halves furnished 
by contiguous carpels (XVI. fig. 18.). But in certain instances, as 
in' Butmnua (XVI. fig. 6, d) and 2'iympluBa, the ovules are attached 
all over the di8$epmmt$, in Cabomba to the dorsal suture, and in 
some cases the whole internal surface of the carpels is ovuliferous. 

The firee oeniral placenta is apparently very distinct from all 
these, and presents some peculiarities which render it necessary 
to- State, in the first place, the theories which are entertained of 
tiier origin of the placenta. 

364. The prevalent view is that the placentas are productions 
of the carpellary leaves, firom the margins of which the ovules 
ard developed. This opinion is supported by the natural condition 
of axile and parietal placentas (XVI. fig. 18, b, c), and by mon- 
Atrdeities which are frequently met with, whei-e open carpellary 
- leaves bear ovules upon their free margins ; it applies also to some 
forms of central placentation, as in the Caryophyllaceae, where 
imperfect septa are found at the lower part of the ovary. It has 
therefore been assumed that other perfectly free central placentas, 
like those of Primulacese, result from the disruption and absorp- 
' tion of the dissepiments at a very early period. 
' 3S5. This last statement, however, is not borne out by the 
history of the development of the ovary, which has been traced 
hy Several observers. The placenta in Primula is free at the ear- 
liest epoch of its existence, and originates, according to Duchartre, 
as a distinct papUla upon the apex of the axis, surrounded by a 
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little riog, indicating the future carpels, which grow up inde- 
pendently to form the walls of the ovary. 

This and similar facts bear out the theory of Schleiden, End- 
licher, &c., that the placentas are not portions of the carpellary 
leaves, but prolongations of the axis of the plant, bearing ovules 
exactly as the other branches bear buds. This hypothesis clearly 
explains the case of Primula, but it does not accommodate itself 
so naturally to the axile or parietal form of placeotation, the latter 
of which would require that a double branch should be given off 
and adhere to each suture ; in regard to the former, however, it 
b possible to imagine the margins of the carpels united to the 
ovuliferous axis. 

In the usual condition of buds which we examined m an ear- 
lier chapter (§ 169 et seq,), we have seen that they are terminal 
or axillary to a leaf. Now in the single-seeded ovaries of Com- 
positse (XVI. fig. 19.)* Graminacese (XVI. fig. 20.), Plumbaginaceae 
(XVI. fig. 21.), &c., we may regard the ovule as a terminal bud, 
surrounded by a whorl of cohering carpels, and axillary to one of 
them, the buds of the remaining carpels being suppressed. The 
ovules of Ranunculus (XVI. fig. 22.), Rosa, &c. may also be in- 
cluded among axillary buds according to this h3^othesis. Again, 
the free central placenta of Primulaceae may be compared to those 
forms of inflorescence (§ 2570 where the bracts to which the 
flower-buds are axillary are suppressed, a view which is borne 
out by the production of flower-buds from these free central axes, 
as in the case of Coriusa MatihioU, related by Duchartre. The 
development of Pavonia, a Malvaceous plant, as described by the 
same author, also speaks in favour of an independent origin of 
the ovules ; he states that the carpels originally present them* 
selves as a raised ring upon the summit of the peduncle, display-^ 
ing ten papillae on its superior border ; these papillae are the com- 
mencements of the ten styles, but the ovarian cavities are only five 
in number, and alternate with each pair of styles (XVI. fig. 23.). 
When ripe, these cavities dehisce by two valves ; the placenta 
would thus appear to be a production of the axis, enclosed by 
two carpellary leaves. The bi-linear parietal placenta is the great 
difficulty v^hich cannot be satisfactorily explained; Schleiden 
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coDdudes that it b prodaced by a flattened branch folded upon 
itself; the instance which he cites to support the assumption of 
the possibility of such branches is the inflorescence of PhyUan- 
thus. 

As the question stands at present, we are led to prefer the 
theory of carpellary placentation by the evidence afforded by the 
parietal form as occurring in Violacese, Papaveraceae, Oroban- 
chaceae ; the axile placentas of Scrophulariacese, Ericaceae, &c. 
appear to admit of an explanation by both views, as do also the 
central placentas of Caryophyllacese. The central placenta of 
Primulacese and Santalaceae favours the idea that the placenta is 
a prolongation of the axis, and can only be explained by the car- 
pellary hypothesis, by supposing that the central placental column 
is a confluent whorl qf placental processes developed separately from 
the carpels through a process of deduplication (§ 280.)- 

The Ovary. 

356. In the explanation of the terms hypogynous, &c. (§ 278.) 
it < was stated that in some cases the whole of the exterior floral 
whorlfi are more or less adherent to the ovary ; the calyx, for 
inataicice, being inferior, half -superior, or superior. In these 
cases the ovary is said to be superior, half -superior, or ii\ferior. 
The terms " calyx adherent or free," or " ovary adJterent or free," 
4re now usually preferred, but they indicate a different structural 
relation of the parts which is not admitted by all authors. Thus 
Scbleiden, who contends that the ovary, with the style and stigma, 
is not a definitely originating organ, but is sometimes formed of 
carpels, sometimes of the stem, and sometimes of the two com - 
bined. He makes five kinds of ovaries, viz. — 1 . The superior ovary, 
which is composed of carpellary leaves, according to the com- 
monly received notion. 2. The pseudo-inferior ovary, where the 
expanded cap-like receptacle bears the true carpellary ovaries in 
its interior and the other floral envelopes on its summit, as in 
Pomacese and Puniceae. 3. The inferior ovary, where the ovary 
or germen is partly excavated on the summit of the peduncle, and 
closed, in above by the carpels, as in Saxifrageae and Myrtaceae ; 
:where the germen is contained in the stem, as in Onagraceae, 
and the carpels only form the style and stigmas ; or the axis is 
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oonturaed still higher and bean the anthers, as in Orchidiuee, 
where the carpels are represented merely by the little scales of 
tile stigma, or are wanting. 4. The auperuifr ttem-im^ of 
Pasriflora, where the superior ovary arises from the cap-shs|)ed 
axis, which bears on its bord«« the carpels forming t^ie style 
and stigmas. 5. The siem-pittU; the pistil of Legnminoste and 
Lilium, which according to Schleiden is a leaf-like expansicm of 
the stem (!). 

357* The compound ovary varies considerably in its form in 
different families, and even among the members of the same ; the 
most general is tiie spheroidal or ovate. The outer surface is 
sometimes smooth and presents no signs of the internal divisioDs, 
bat very often it bears indications of them in the presence of 
grooves or furrows along the lines of union of the carpels. The 
middle lines of the carpels, or dorsal sutures, may exhibit similar 
grooves or even form projecting ridges, rendering the ovary some- 
what angular. When the dorsal portions of the carpus are in- 
flated and separated from each other by deep furrows, the ovary 
assumes a lobed character. The epidermis of the ovary is int 
always smooth ; it may be clothed vnth hairs or spines, and is 
not unfrequently glandular. 

Compound ovaries are usually rtgular, but occasionally irre- 
gular, as in ^ii/»rrAtitiim, where the carpels are unlike, and certain 
Malpighiaceous plants {Acridocarpua, Hiptage). Simple ovaries 
are almost always more or less irregular. 

The Style. 

358. The general character of the style of simple ovaries has 
already been described (§ 347.) ; in the compound ovaries they 
either remain distinct or become united together in various de- 
grees. In a few orders they are divided, so as to give the appear- 
ance of a greater uumber, as in the bifurcate styles of EuphoHM* 
which in some genera fork again near the apex (XVI. fig. 24.)' 
Those compound styles which remain undivided in the greater 
part of their extent frequently divide into a number of branches 
at the apex, and are called bifid, ir\fid, &c. The number of styles 
generally indicates the number of carpels, and the intercarpeilary 
grooves (§ 357.) are often continued up the style, so as to indi- 
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cate its compound nature. The styles^ being the direct prolonga* 
tion of the carpeU most alternate with the dissepiments. 

Th^ style is not an essential organ ( § 344.), and where it is 
preaent it oidy increases the length of the passage between 'the 
atigpua and the placentas, these processes being continued up 
into the styles. In Primula a little cellular process extends from 
the apex of the free placenta into the cavity of the style, in the 
earlier condition of the ovary. In the Lily the pistillary cords 
unite in pairs at the summit of the ovary to enter the style, and 
in Compositae two similar cords pass from the walls of the ovary 
into the style. 

The style is frequently clothed with hairs, especially near the 
apex. The Composites are furnished with these collectors, as 
they are called. The style is at first shorter than the stamens, 
and enclosed by the cohering anthers (§ 328.) ; as it developes it 
pushes through them, and the hairs brush offihe pollen from the 
cells as the style makes its way upward. The Lobeliaceae have 
a little circle of hairs just below the stigma, called the indusium, 
apparently for a similar purpose. 

The Stigma. 

359. In the account of the structure of this body (§ 348.), its 
usual position, whether seated immediately upon the ovary or at 
various points on the style, has been briefly alluded to ; it was 
also stated that its tissue differed considerably from that of the 
style, consistmg of papillae, hairs, &c. ; sometimes these hairs are 
so large and numerous as to give the stigma a feathery appear- 
ance (XVI. fig. 25.), as in the Grasses. 

When the style is divided, the stigmas are divided or multi- 
plied also ; in Compositse and the Grasses we find a double stigma 
with a single one-seeded cavity in the ovary. In general its di- 
visions indicate the number of carpels contained in the ovary, 
whether the styles are divided or not. 

The three- or five-lobed stigma of Campanulacese corresponds 
to the three or five carpels of the ovary (XVI. fig. 26.) ; the bilobed 
to the two cells of Scrophulariacese, &c. (XVI. fig. 270 • The shape 
of the lobes is various, lamellated in Mimulus (XVI. i^g. 28.), 
slender and pointed in Polefnonium. Where united into one body. 
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they are often marked by radiating grooves or ridges correspopd-j 
ing to the number of constituent parts. This head, formed hf 
the confluent stigmas, may be capitate, or larger than the style ; 
it is then either ^/o5tf2ar (XVI, fig. 29.)> hemispherical, polyhednU, 
&c., or peltate QCVI. fig. 30.), as in Arbutus, The peltate atignia 
of Papaver (XVII. fig. 1 .) is sessile upon the ovary, and its radiating 
processes (a) appear to be formed by the free stigmatiferooa bor^ 
ders of the upper part of the carpellary leaves. Where smp\(t 
stigmas are borne on simple styles, they correspond to the caipeis 
or cells of the ovary. Stigmas sometimes alternate with the oell% 
and this arises from the union of half of oue bifid stigma vvith 
the half of that next to it. Thus in the Poppy just noticed* e»ch 
ray of the stigma, like each incomplete dissepiment^ is forxBod 
equally by the tv^o adhering carpels, with the ceils of wlu^b it 
alternates. 



The Fruit. 
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360. Before describing the structure of the ovules contained in 
the ovary, and tracing their development up to the period i^hf^ 
they become independent bodies, it will be more convenient t^ 
conclude the history of the parent plant, by examining the cbangea 
which the floral organs undergo during the ripening of the seeds. 

The fruit is composed of those portions of the floral oi^uW' 
which remain attached to the stem to form a protecting coat to- 
the seeds during the maturation. Those organs which play an. 
important part in the process of fertilization, namely the aAtb<eF9» 
the stigma, and conducting tissue, generally wither very soon 
after their functions are performed. The petals also diaappeacj 
and the calyx, except in those instances where it becomes mor- 
cescent (§ 2990 or blended with the ovary to take part intbff^ 
formation of the fruit. The style is frequently persistent, ffffm- 
ing a kind of point on the summit of the fruit, which istbea 
said to be apiculate. The ovary, in the cavity of which the «fted 
is produced, is the essential organ of the fruit, which may ioifeed 
be described as a perfectly mature ovary enclosing the ripe ffeeds* 

Knowledge of the structure of ovaries therefore gives us a hay 
to tlie composition of fruits, since the parts are the sam^ m^ely 
modified by certain changes taking place durv;ig the idterior 
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development of the ovules. Fruits then are either simple (§ 349.) 
or compound (§ 351.) ; the compound fruits again may consist of 
a number of carpels, more or less coherent ; a fruit composed of a 
number of distinct carpels, like that of Ranunculm, is distinguished 
from the compound fruit as a multiple fruit (XIII. fig.l/.)- I'h^ 
fniit formed of one carpel is generally .ttm'Zocu/ar (§ 351.) ; the 
compound fruit composed of a number of carpels is also unilo- 
calar when there are no dissepiments (§ 352.), or multilocular 
when these exist (§ 351 .) ; in the multiple fruit the cells are di- 
stinct. The fruit originating from the ovary and the latter gene- 
rally possessing one or more styles, a fruit may usually be known 
from a seed or other organ assuming its characters, by the pre- 
sence of some vestige of the style. Thus in the case of the fruits 
of many Ranunculaceae, such as Adonis, Ranunculus, &c., which 
are vulgarly regarded as seeds, the real nature is at once deter- 
mined by the apiculate summit, the vestige of the style. Where 
this does not exist, the fruit may be determined by examining the 
condition of the parts of the flower. In this way we discover 
that the Strawberry is not a single fruit, but the enlarged fleshy 
receptacle bearing the simple fruits at its surface : in Rosa also 
the hip is the fleshy calyx adherent to the receptacle. 

361 . The style indicates the organic apex (§ 350) of the ovary, 
whether lateral or basilar in its insertion ; the same holds good 
with respect to the fruit ; the base is the point where the carpels, 
or in some inferior ovaries, the calycine leaves, arise from the re- 
ceptacle. The axis of the fruit is often imaginary, but somejimes 
euBta as a prolongation of the axis, as in Umbelliferae, Gerani- 
acese, &c. 

362. When the calyx is adherent (in inferior ovaries) it forms 
part of the fruit ; even when originally free it sometimes contracts 
an adherence. In most of these cases the different parts cannot 
be distinguished in the ripe fruit. 

363. The compound or multiple fruits are called symmetrical 
when composed of carpels equalling in number the organs of each 
other whorl, as in Sedum (X\ri. fig. 12.) ; they are asymmetrical 
either by reduction or augmentation (§§ 279-282.), as in Digitalis 
(XVII. fig. 2.) and Ranunculus (Xlll. fig. 17). 

Simple fruits are generally somewhat irregular ; the compound 

N 
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are re^Zor when the carpels are alike, as in Sedum (XVI. fig. 12.), 
or irregular when they develope unequally, as in Antirrkkmm 
(XVII. fig. 3.). 

The fruit frequently differs very considerably from the ovary 
in consequence of certain parts ceasing to develope after the fer- 
tilization has taken place. Thus the ovary of the fenaale flower 
of the Oak contains three cells, with two ovules in each : one 
ovule alone is matured, and during its development the other five 
ovules, with two of the cells, are obliterated. la the Horse- 
chestnut a similar process takes place, but the vestiges oi the 
abortive seeds are generally visible in the ripe fruit. In the 
Birch the ovary is two-celled, and there is a single ovule in each ; 
one ovule is abortive, and the other in its development forc^ the 
dissepiment out of the centre, and the cavity of the second ceil 
no longer exists in the ripe fruit. 

In the cases where spurious dissepiments (§ 351.> are Cqnned 
the fruit exhibits more cells than the ovary, as in Datura O^Yh 
fig. 31.), Cathartocarpus, &c. 

In NigeUa damaacena false cells are formed externally to the 
true cells in the substance of the carpels by unequal development 
of the tissue, which leaves the epithelium of the ceUs attached 
near the axis and enclosing the seed. Sometimes this epithelium 
is also attached to the dorsal suture of each carpel, and thus, three 
cells are produced out of each carpel (XVI. fig. 32.). 

364. The mature carpellary leaves enclosing the seeds form the 
pericarp or coat of the fruit, and the substance of this is divided 
into three regions, answering to the three layers of parenchyma 
of a true leaf; the outermost is the epicarp (XVL fig. 33^ a), oorre- 
sponding with the epidermis of the under or outer side of the 
leaf; the inmost, the endocarp (XVI. fig. 33, c), to the epith^ium 
lining the ovary ; while the intermediate layer is called the meso- 
carp (XVI. fig. 33, 6), and represents the meaophylkim. or general 
parenchyma (§ 139.) of the carpel. This last layer is fleshy in its 
texture in certain plants, and has thence been called the saroaearp. 

In the Colutea arborescena we find an example of a pericarp 
retaining very much of the foliaceous character ; in a large num- 
ber of plants its general structure does not essentially alter during 
the ripening of the ovary, except that it gradually becomes firmer 
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and drier. Bat in a multitade of fruits we find the different 
layers acquiring a great development, more especially the meso^ 
carp. Thus the Cherry exhibits two very distinct coats, — the 
stone and the pulp; here the pulp consists of the mesocarp 
clothed by the epicarp, which forms the thin skin ; the stone is 
the endocarp, enclosing the seed, which has its special coat, de- 
rived from the structures of the ovule. In the Almond the en* 
docarp is the most remarkable layer, forming the woody shell, 
which is enclosed in a thin and green fleshy layer, composed of 
the mesocarp, with its epidermis or epicarp. In the Apple, &c. 
the outer skin or epicarp is the epidermis of the calyx ; the flesh 
or mesocarp is developed out of the ovary and adherent calyx ; 
the inner layer of the ovary forms the horny cell, the endocarp, 
containing the seeds. In the Medlar the endocarp is more de- 
veloped than in the Apple, and forms stones instead of a core. In 
the Walnut the shell is the endocarp ; the htisJc, the mesocarp and 
epicarp. In the Filbert and the Oak, &c. the calyx remains as a 
cup or husk, more or less enveloping the nut, the shell of which 
i^ formed of the whole pericarp. In the Cucurbitacese the distinc- 
tl6ni of the layers is not always clear in the ripe succulent fruit ; 
thus fn th^ Melon neither the epicarp nor endocarp is separable 
from tiie pulp, which itself is the mesocarp, but displays two 
re^ons ; the outer greenish, and devoid of the soft saccharine 
character of the inner. In the Orange the rind contains the 
epicarf^ and mesocarp ; the membranous partitions of its seg- 
m^ts are the endocarp, and the pulp is formed by cellular tissue 
<lef eloped in the cavity of the ovary. 

' ' The pvlp of the Tomato {Solanum Lycopersicum) and of the 
Guava is of the same nature. These cellular masses are consi- 
dered to originate from the placentas. 

The pulp of the Strawberry, as I have already said, is derived 
from the receptacle. That of the Rose is derived from the adhe- 
rent calyx, and is evidently an approach to the condition met with 
in the Apple. 

365. As the carpels present sutures (§ 352.), so also do the 
fruits; in the Cherry, Plum, &c. the ventral suture is very evi- 
dent, even in the pulpy condition. The legume (XVII. fig. 9^ 
exhibits both dorsal and ventral sutures (§ 357.) . Where the pla- 

n2 
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centation is axile (§ 343.) and the fruit consequently multilbcular, 
the dorsal sutures alone are visible externally (XVI. fig. 1S.)« but 
with the parietal oi free central placenta, the ventral and dorsal 
sutures alternate in the exterior wall. At each suture may often 
be detected a pair of fibro-vascalar bundles, which> as the fruit is 
matured^ generally become easily separable from each other; when 
the fruit is perfectly ripe it splits open at these sutures, some- 
times at the dorsal alone, sometimes at the ventral only, or at 
both at once. The wall of the fruit becomes thus divided into a 
number of segments, which in a regular fruit equal the cavities, or 
are twice as numerous ; the separating portions are called valvet. 

366. Dehiscencr. — ^The ripe seeds commonly escape from the 
fruits either by the openings resulting from the separation of the 
valves, or by the decomposition of the pericarp ; but in some 
cases the fruit remains unaltered until germination takes place, 
and the young plant then makes its way through the pericarp, 
which in this instance constitutes one of the permanent coverings 
of the seed. 

Fruits are therefore divided into two classes : those whicb open 
to emit the seeds are called dehiscent ; the remainder, indehiscent 
fruits. 

The opening of the fruits takes place at various epochs : thus 
in Reseda the ovary is always open at its apex so early as the 
flowering stage, and in Omithogalum nutans, the Balsam, and 6th& 
plants, tiie seeds are expelled before they have become dry. Ttte 
dehiscent fruits usually become dry as they ripen, and the con- 
traction resulting from this occasions the dehiscence. The fleshy 
fruits are seldom dehiscent, and those which have a woody or 
stony pericarp seldom open s[>ontaneously ; they are usually 
one-seeded, and this makes its way out in germination. 

Dehiscence may be either partial or complete ; in Cerastium 
(XVII. fig. 4.) and many other Caryophyilaceous plants the valves 
only separate to a certain distance, and then resemble a crown of 
teeth, at the border of the seed-vessel ; in other cases they become 
detached half-way to or quite down to the base. 

367. Valvular. — Single carpels, like the /oKtcfc* of Paonia, 
Delphinium, &c., generally open down the ventral suture (XVII. 
fig. 12.), but in some of the carpels of Magnolia grandifiora we 
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have ao example of dehiscence by the dorsal suture alone (XVI. 
fig. 34.). In the simple fruits of the Leguminosae the carpel 
usually splits into two valves, the fruit dehiscing along both su- 
tures (XVII. fig. 90. 

In the fruits with several cells produced from compound ova- 
ries, dehiscence takes place in various ways. The most common 
forms are those called the septicidal, loculicidal, and septtfragal. 

368. The septicidal dehiscence (XVI. figs. 35, 36.) is the result 
of the separation of the component carpels, where the margins of 
these have been inflected toward the centre, as in the ovaries with 
axile placentation (§ 353.) . In this case the dissepiment or septum 
between each cell of the fruit becomes divided into its two com- 
ponent lamellae, hence the name. The position of the seeds varies 
in fruits of this kind; sometimes they are attached to the septa 
(XVI. fig. 35.) ; sometimes the septum also breaks away from 
the axile placenta and leaves the seeds attached as to a central 
column (XVI. fig. 36.). 

369* lu the loculicidal dehiscence it is the dorsal suture of each 
carpel that gives way, so that the dissepiments remain unaltered, 
and thus each valve is composed of two half-carpels, which are 
united together and have the septum which they jointly compose 
prpjecting inward at right angles from the point of union. The 
sf pta may either become so detached in the centre of the fruit 
as to carry with them the placentas (XVI. fig. 37*), or they may 
re^iain all attached together in the centre (XVI. fig. 38.) ; but 
the most common occurrence is for the valve to become detached 
from the placentas, which are left united into a kind of column 
in the centre (XVI. fig. 39.)« 

370. The septtfragal dehiscence results from a simultaneous 
opening of the dorsal sutures, and a separation of the walls of the 
ovaries from the septa (XVI. fig. 40.) ; this form is confounded 
with the loculicidal dehiscence by a number of intermediate con- 
ditions where the septa give way at various distances from the 
centre of the fruit. 

371. In those forms of the septicidal dehiscence where the con- 
stituent carpels become wholly disunited, leaving the centre of the 
fruit void, loculicidal dehiscence may also take place in each 
carpel^ which opens at its dorsal suture to allow the escape of 
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the seeds from the closed celU which reaolted from the ^Bunioii 
of the parts of the fruit ; this occurs in Di^ttoitt (XVII. fig. 2^. 
In die multiple fruits (§ 360.) the carpels are sometimes 
sligihtly united together by their faces, as in Umbelliferee, Bora* 
gineaet* Geraniacese, Malvaceae and other orders. Here the sepa- 
ration of the fruits from each other takes place by a aefyticidsl 
dehiscence ( XIII. fig. 19>) ; the component carpels being eidkd 
cocct. The COCCI open in the Geraniacese by a loculicidal dehis- 
cence to allow the seed to escape (XIIL fig. 19* c)- 

372. In the compound fruits with a single ceil, where the 
placentas are parietal (§ 353.), the dehiscence may take place at 
the margins of the carpels, therefore through the centres of tiie 
placentas ; the Talves will then bear the seeds upon their mar- 
gins (XVI. fig. 41.), this is analogous to the septicidal dehteeenoe 
(§ 368.) ; or at the dorsal sutures, when the valves will bear the 
placentas up their centre (XVI. fig. 42), which condition maybe 
compared to the loculicidal dehiscence (§ 3690 • In the Oichi« 
dacese the placentas adhere together at the sutures and the carpel 
gives way along the margins just within the placental borders. 
The placentas bearing the ovules then appear like an open frame- 
work (XVI. fig. 43.). 

373. When the placenta is central (| 353.), the absence of seeds 
upon the valves prevents our distinguishing their composition by 
their own characters, and we have to compare their position wttfc 
that of the leaves or segments of the calyx. If the valves eqsal 
these and alternate with them, they are distinct carpels aasdo- 
gous to those of the septicidal dehiscence ($ 368.) ; if equal and 
opposite the sepals, each valve is made up of two half*carpels, as 
in the loculicidal dehiscence (§ 369.)* i^ the valves are twice as 
numerous as the sepals, we may generally oonclode that tiiey 
have separated both at the dorsal and marginal sutures, and that 
each valve is only half a carpel. 

374. The valves usually become detached from each other at 
the summit, but in certain cases, as in Cruciferse, Chelidonium, 
(^raniacese, &c. (XVII. fig. 5, c), the valves become dbunited at 
the base. In the GeraniaceiB the styles separate with the oarpeb 
up to the summit of the central column or carpophore (§ 350.) ; 
the same occurs in Umbelliferae. 
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All these kinds of dehiscence are included vmder the general 
name of wUmtlar* 

' 376. CiRCUM8ci88iLB.-^Some fruits undergo a peculiar kind 
of dehiscence, resembling the mode in which a portion of the calyx 
sometimes separates from the remainder which persists (§ 299*)* 
The eapside of AnagaUu (XVII. fig. 6.) and Plantago, with 
those of many Anrantiacese, becomes separated into two parts by 
a traasverae fissure which extends horizontally round, and the 
upper half falls off like a kind of lid ; this is called iranm}er$e or 
etnmttseitnle dehiscence. In cases where the calyx is adherent 
and the upper free part of the ovary separates in this manner, 
the fruit is sometimes called operculate, as in Lecytfus, 

TVansverse dehiscence takes place in some simple fruits, as in 
the legumes of CoronUla, &c., which separates into as many 
pieces as there are seeds. This is supposed by some authors to 
indicate analogy between the carpellary leaf and the pinnate com- 
pound leaves of the same plants. 

376. By Pobbs. — ^As is the case with anthers (§ 323.)> some 
fruits open by pores instead of valves. These openings occur 
in diffeirent situations, being apicular, lateral, or basilar i in 
various species of Campanula each cell opens by a lateral ^d 
irregular aperture (XVII. fig. 7>) : in Antirrhinum two or three 
orifices appear (XVII. fig. 3.), regular in their form, being^ 
resnlts of the breaking up of little portions of the tissue, which 
are indicated by a circular line before the carpel is ripe ; one of 
these- is near the summit of the upper (§ 290.) carpel, the other 
one (or two) is in the inferior carpel. In Papaver a number of 
orifices are found all round the summit of the capsule, just be- 
neath the overhanging peltate surface on which the radiating 
stigmas are placed (XVII. fig. 1, b). 

Certain valvular forms of dehiscence are sometimes confounded 
with the foregoing ; for instance that of Saxifraga, where the sum - 
mits of the capsules are free (XVI L fig. 8.), and open in this free 
portion at the ventral sutures. The dehiscence of the Caryophyl- 
laceae (§ 366.), where the separation is very slight (XVII. fig. 4.), 
has also been included among the instances of apicular dehiscence. 
377* Kinds of Fruit. — ^The nomenclature and classification 
of the difierent forms under which mature fruits present them- 
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•elvea have engaged the attention of botaaistB to snch an extsoi 
that it would require more than ten times the space which can 
here be allotted to the subject, even to give a slight sketch of the 
various systems. The want of space to oilarge opoa theae 
matters is of the less consequence, since the majority of the jiaoci 
which have been made use of are of little purpose sare to oonfii&e 
the student and render the classification artificial. I shall there- 
fore only particularize those names most commonly in aae» sinet 
the general adoption of them is the best test of their utili^. 

Fruits may be divided into three classes, which although acti* 
ficial when considered in relation to the alliances of the families, 
are convenient when the definition of the fruit alone is in ques- 
tion ; these are the Apocarpous, fruits in which the carpels are 
distinct; Syncarpous, where they are united; and AggregaU, 
where the fruit is made up, not merely of a number of eotysfr, 
but of a number of distinct ovortes. 

378. The Apocarpous division will include fruits formed -of 
simple ovaries ($ 349-) « uid the multiple ovaries (§ 360.) comiMMed 
of a number of free carpels. Among the former may be diatin- 
gnished, — 

1. The Legume or pod (XVII. fig. 9-), found in thelieguminosB. 
It is formed by the single carpel bearing the ovules along oae 
suture and dehiscing both at the dorsal and ventral suture ; ^e 
hmentaceouB variety (XVII. fig. 10.) is constricted betweea oaoh 
seed and breaks up at these constrictions when the fruit ia maton^ 

The free carpels of multiple ovaries ripen ia various waja, 
forming — 

2. TTie Achenhtm (XVII. fig. 1 1 .), where the carpel becomes diy 
and membranous, containing only one seed : the firuit of JUmum' 
euhs consists of a number of achenia borne on the sUghtly** 
elevated receptacle ; in that of the Rose they are borne in theisbh 
cavated receptacle (XIII. fig. 18.) ; in the Strawberry on tfae-^^ 
larged fieshy receptacle. All these are indehiscent, and the Cony*' 
opiis, the fruit of the Grasses, appears to be merely an adienlian 
where the pericarp is adherent to the seed. Closely aUied tatkis 
kind of fruit are the carpels of those fruits in which dbey are at first 
united, but when perfectly ripe separate from one another, and ge- 
nerally dehisce. The two carpels of Umbellifere (sometiflnea caUcd 
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mefitarf») which separate from the carpophore ($ 350.) and are 
titiep^aded from it hy their apices, may be called achenia. The 
carpels of Labiatie and Boraginese, &c. may be termed dehiscent 
mshMa: Those of Tropmlum are achenia, and by Malva we 
fittid' a transition to the Geraniaceae, where the carpeb contain 
nidps than one seed. 

3. TheFoUide (XVII. fig. 12.) differs chiefly from the aehenium 
Sn containing sereral seeds, and in its dehiscence, which takes 
place along the ventral suture. The multiple fruits of certain 
Rauoiieulaceae, such as Aconitum, Delphinium, &c., are composed 
offoltkles, as also that of Asclepiat (XVII. fig. 13.). The Samara 
i» only a winged follicle (XVII. fig. 14.). 

'4; ne Drupe (XVII. fig. 15.) is formed when the mesocarp 
(f 364.) of the fruit becomes fleshy in simple ovaries like those 
IfMsi- which aehenia are formed. Thus in the Rosacese, certain 
genera, as the Cherry, form a drupe or stone-fruit, which con- 
Aiatnef a succulent envelope enclosing a stony endocarp containing 
the seed. The fruit of the Raspberry and Blackberry consists of 
a number of little drupes borne on the receptacle. The drupa- 
ceous fruit is closely allied to those syncarpous or fleshy fruits 
ctHuposed of 'Several carpels, and containing the seeds in a num- 
ber of stems or bony cells ; of these — 

f 6. The Pome (XVII. fig. 16.) has been distinguished, which has 
aUMBtilaginous endocarp enclosing several cells. A succession of 
fonUi through the Medlar to the drupe, and through the Haw, 
tkipteit of Gmtmgus, to that of the Rose, indicate the artificiality 
of these divisions. The Pepo or fruit of Cucurbitacee (XVII. 
fig;^l70 is analogous to the Pome, and leads by Bryonia to — 

.>6/ l%e Berry, which is a fruit in which the seeds are contained 
in a asass of pulp formed by the placentas. In the Grape the 
avury is free, in the Gooseberry, &c. it is clothed by the adherent 
txikyx, &o. (§ 278.). The Hesperidium is the fruit of the Orange, 
amdis only a herry with a coriaceous rind. 

•>870.> Simple fruits are formed from certain compound ovaries 
by tile suppression of all the ovules but one. Among these there 
are'tibsee principal forms : — 

r. The Nut (XVII. ^g. 18), the fruit of the Hazel, Oak, &c., 
wineh' ivoae-calied and o&e-aeeded by abortion (§ 363.), and is an 
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indehiflcent fruit, the envelope of which is haitl and imodj. It 
is allied to tiie drupe by the Waloat. 

The fruits of the Compositae have been called achema, and 
those of Chenopodium, &c. uiriclei ; the latter appear to differ 
only from the achenia already described (§ 378.) in being com- 
posed of several carpels, the former in receiving an additional 
coat from the tube of the calvx. 

380. Compound fruits which become dry in the process of 
ripening, and dehisce by valves, fissures, or irregularly, are in- 
cluded under the general name of— 

8. 7%e Capsule, the fruit of Scrophulariacese (XVI I. fig. 2.) 
Primulaceae (XVII. fig. 6.), Papaveraceae (XVII. fig. I.), Caiyo- 
phyllaceie (XVII. fig. 4.), &c. &c. Certain forms are separated, 
as for instance — 

9. The Siliqua and SiUcula, the capsules of Crucifene, com- 
posed of two carpels, separating as valves from the placentas, 
which are united together by a plate of cellular tissue called the 
replum, this having previously formed a spurious septum (§ 351.) 
across the fruit. The SUigua is the elongated form. (XVII. 
fig. 6, a) ; the SUicula is short and broad (XVII. fig. 5^ 6). 

381. Among the Aggregate fruits the most important ia — 

10. 77m Cone (XVII. fig. 19.)« the fruit of the Coniferae formed 
by the union of the carpellary leaves of the spike into one mass, 
which afterwards dehisces by opening at each carpel. This must 
be distinguished from the cone of Magnolia, which is, like the 
fruit of Ranunculus, composed of the separate carpels of oae 
flower. A number of aggregate fruits have been called AntJu^ 
carpous, since the envelopes of the flower enter into their com- 
position ; the Pine-apple is a mass of cohering flowers become 
pulpy, as also the Mulberry. These have received the name of 
Sorosis. In the Bread-fruit, this fruit, contrary to the general 
rule, developes more extensively and becomes fit for food only 
when the seeds are mostly abortive. Those of the Fig and of 
Dorstenia are formed of the succulent receptacle, and this fruit 
is sometimes termed a Syconus. 

In some species of Lonicera the berries coalesce so as ta form 
a double fruit. In Mirabilis the fruit is enclosed in the persistent 
and hardened calyi (XVII. fig. 20.), as also is that of Spinada, 
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There are a multitude of other names given in many books, 
bat the definition of the precise form of all ripe fruits belongs 
more properly to the province of descriptive botany ; here the 
object is to point out the most important changes which the 
ovary undergoes during the maturation of the seed, in order that 
the real nature of the different parts of the fruit may be recog- 
nized through a knowledge of the process of their development. 

Sect. V. — ^Thb Rbproductivb Bodies. 
* The Ovules. 

382. The ovules are found under the form of small, roundish, or 
oval bodies, attached to the placentas (§ 353.), either immediately 
or by the intervention of a little stalk or peduncle ; sometimes 
they are imbedded to some extent in the substance of the pla- 
centa, as in Primulaceae and Myrsinaceae. Where the peduncle 
is present it is a slender filament which has received the names 
of umbilical cord, podosperm and funiculus (XVII . ^g, 24,/) . The 
point where this is inserted on the ovule, or by which the sessile 
ovule adheres to the placenta, is called the htlum or umbilicus, 

383. The first trace of the ovule is a little cellular papilla on 
the surface of the placenta ; this gradually increases in size until 
it generally acquires a more or less obtuse conical form ; this is 
the nucleus (XVII. fig. 24, n). The Misletoe affords an example 
of a nucleus remaining in this condition (XVII. fig. 21.) ; but in 
most 'plants the nucleus soon exhibits a circular or rather annular 
enlargement at the base, the upper border of this structure being 
clearly defined (XVII. fig. 22, A) ; this increases in size and in 
hMght, and gradually proceeds to enclose the nucleus (XVII. 
fig. 22, B), and it is in fact a cellular coat or envelope which at 
last quite hides it from view, leaving only a small orifice at the 
apex, corresponding to the apex of the nucleus, which opening is 
called the micropyle (XVII. fig. 22, B, m). This coat enclosing 
the nucleus, when it is the only one, is the intogumentum simplest, 

384. But there are usually two coats formed in this manner, 
and a second annular border is perceived upon the nucleus, indi- 
cating that there are two coats gradually proceeding to invest it, 
one within the other. The inner one is at first longer than the 
outer (XVII. &^. 23.), and so is seen externally ; but the outer coat 



198 smircTCKiB o* ovvlss. 

finally overtalces and passes over it, so as to eticTose fiie kant 
coat and the nucleus. The orifice in the inner coat, opposite to 
the apex of the nucleus, is the endostome or interior ndcropifhi 
that of the outer coat, the exostome or exterior micropyle. 

The coats of the ovule are difierently named hy authors, espe- 
cially hy Mirbel and Schleiden, who take opposite views of the 
order of development. Thus the external coat, the testa of Brown 
and Brongniart, is the integumentum externum or secundum of 
Schleiden, who believes it to be produced subsequently to the inner 
coat ; while it is the primine of Mirbel, who thinks it is the first 
formed. The inner coat is the membrana interna of Brown, "flre 
tegmen of Brongniart, the integumentum primum internum of Sdhlet* 
den, and the secundine of Mirbel. The funiculus is attached to the 
exterior coat, and the interior is fixed at the base inside the* better 
coat, the point of union being called the chakusa. This W the 
point where the vessels of the funiculus pass into the nucleus: 

Among the plants where these coats are not produced may be 
mentioned the genera Asclepias and Dipsacus. There is nxily 
one coat (integumentum simplex) in the Composite, LiObelhiMfr, 
Campanulacese, the Walnut, the Cypress, &c. 

385. At first the relative position of the above parts id Mich 
that a straight line could pass through the axes of them aS, vis. 
from the summit of the nucleus through the base of the iot^ftiid 
and of the external coats to the hilum. Those ovules which pre- 
serve these relations in their subsequent development are Called 
orthotropous or atropous (XVII. fig. 25.), as in those of E*oly^6- 
nacese, part of the Urticacese, Juglans, &c., but they are not tety 
common. Usually they deviate to some extent from the sttdii^ght 
line, and become curved, so as to bring the summit of th6 ttodetn 
nearer to the hilum. 

386. Thus in the Leguminosee, Cruciferae and Caryophyflttceas 
are often found campylotropous ovules, where, by the cnMbg of 
the nucleus, with its integuments, upon itself, the micropj^ is 
brought into apposition with the hilum (XVII. fig. 26,) ; by thepi*» 
culiar development of the ovule, which is greater on one sfdeitikan 
the other, the chalaza is removed a little from the hilum, and lies 
on that side of it opposite to where the micropyle is applied ; the 
convexity and concavity formed by the ovule in its curving upon 
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itB9K hftoam^ orgaoically united. The camptotropous ovule only 
difi^^m from the preceding in the equality of the development of 
th«,4n)RO halves of the ovule (XVII. fig. 27.). 

387* The nucleus is sometimes so affected by the development 
t])at the apex or the micropyle comes to be placed next the hilum 
aii4 the orffanie htue of the ovule, the chalaza at the opposite ex- 
tremity of the ovule; the course of development of this form 
(XVII. fig. 28. )> the anatropous, is shown in the figures ; the vas- 
cular cord communicating with the chalaza is extended during the 
growth of tke ovule, and the chalaza thus always communicates 
with the funiculus by these vessels which run in the thickness of 
th^ ^pats, in tl^e exterior when there are two. This cord is called 
tJUo ntiphe, because it is often distinct as a ridge upon the outside, 
l[Q9J(ing like a prolongation of the funiculus adherent to the side 
qff th^ ovc^le, and disappearing above at the point which is the 
organic base. 

3aS* These forms however, in nature, are not at all clearly de- 
^l^fsd, buty like most of the peculiarities of form or structure, 
e^l^tiit y^ar^ties^ among which may be mentioned the amphitro- 
pons or heterotropous ovule (XVII. fig. 29.), where the micropyle 
if ,,9l one end and the chalaza at the other, but the hilum in the 
n^i^d^. of one side. These have also been called transverse 

389- Meantime certain changes are going on in the nucleus. 
Tni^.i^pex of the nucleus or mamilla presents various forms ; it is 
u|BiU^Uy roundish or hemispherical ; sometimes it is cylindrical 
(;!^Yn.fig. 29*), of variable length, this causing differences in the 
tfpa^SjLh of the canal of the micropyle (XVII. figs. 25-30, g) . In the 
polked nuclei of Scabiosa the mamilla is at the base of a canal open- 
ing near the hilum (XVII. fig. 30.)> and they are thus distinguished 
Uqv^ i^e naked nuclei of Viscum (XVII . fig. 21.). In some plants 
tjl»&^l^nilla of the nucleus grows out from the micropyle into an 
^loniffilXed body, like a kind of style, as in Loranthus (XVII. fig. 31.) 
andSantaltan^ According to Dr. Dickie, tubular prolongations of 
Ij^apex of the nucleus occur not unfrequently, and he describes 
itff^in in Narthecium (XVII. fig. 32.)/ Bartsia and Euphrasia, They 
wjare firfit pointed out byBrongniart, but it still remains a question 
whether these realty belong to the nucleus, since many authors 
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refer them to a different origin, which will be alluded to hereafter, 
when the fertilization of the ovules is examined. 

390. In the interior of the nudens is formed a cavity, the mode 
of production of which is variously stated by different observers. 
Schleiden says that one particular cell of the parenchyma of the 
nucleus acquires a special development, increases in size, and 
finally, by pressing on the surrounding tissue, causes it to be ab- 
sorbed, and thus becomes a sac or cavity of variable size and form. 
Mirbel describes the phenomena differently ; he states that Ha 
nucleus becomes hollow and forms a mere sac, lining the seeun- 
dine {membrana interna. Brown), which he calls the tercme ; this 
either adheres to the secundme or disappears. Inside the terdne 
another membrane b sometimes formed, the qnariine, but this is 
rarely present, and is transitory in its duration. Within this is 
a special sac, agreeing with that above described by Schl^den, in 
which the embryo is developed (XVII. figs. 35-30, c) ; this iscakkd 
the embryo-8ac or amnios, Wydler questions whether there is a»y 
special cell or sac present, or merely a cavity surnnuided by the 
parenchyma of the nucleus. In Viscum there are tvR> or some- 
times three embryo-sacs (XVII. fig. 21.). 

The size and shape of the embryo-sac being subject to varia- 
tion, it occupies a greater or less space in the nuolena, and is 
more or less affected by the changes of relation of position of the 
other parts (XVII. figs. 25-30, e). 

At a certain period it becomes filled with celluHir tissue, and 
as this grows inward from its circumference to its centre, to fill 
up the cavity, it is probable that Schleiden is right in supposing 
the earlier layers of this to be Mirbel's quartina. In the Conifers 
the embryo-sac becomes filled with cellular tissue, and from three 
to six small cavities make their appearance on the apex opposite 
to the micropyle. These are little sacs, closed above by a single 
layer of tissue, and are called corpuacula, 

391. The cellular tissue of the embryo-sac, after fecundation, 
is either absorbed by the pressure of the developmg embryo or 
remains as an envelope of that body, becoming what is cidled 
the endosperm or aUmmen. 
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Position of the Ovule in the Ovary. 

392* An ovule which arises from the base of the cell in which 
it is contained^ and the apex of which is directed toward the snm- 
mit of the ovary> is an erect ovule (XVIII. fig. 1.) ; when it has ex- 
actly the reverse position, suspended from the upper end of the 
cavity, it is inverse (XVIII. fig. 2.). When, arising from a parietal 
or axial placenta, its apex is directed upwards, it is ascending 
(XVIII. fig. 3.); with the apex looking downward it is suspended 
(XVIII. ^is» 4.). That position in which the ovule is attached to 
an axial or parietal placenta, and the hilum is in the middle of the 
ovule, as in the amphitropous kind (§ 388.), admits of two va- 
rieties, and the ovule may be either ascending or descending peri' 
tropous (XVIII. fig. 5.). 

Occasionally we meet with ovules which are suspended at the 
end of a long funiculus, arising from the base of the ovary ; these 
are caUed reelinaie (XVIII. fig. 6.). 

All these positions appear to be in some measure modifications 
of the ascending, arising from the peculiar situations in which the 
ovules are developed. Thus the suspended ovule arises high up 
in the cell, and therefore necessarily becomes curved downward, 
in order to have space to develope itself. The special relative 
directions of the hilum and the micropyle in the ovules will in- 
fluence their relations in the ovary. Probably also the erect 
ovule i& really ascending, and arises so low down in the cell that 
it appears to be attached to the base; the inverse is likevrise 
easily referable to the suspended by supposing it to arise very 
high up^ or even to be adherent to the placenta for a short di- 
stance by the funiculus. 

393* Where the ovules are present in definite numbers their 
poeitioBs are tolerably constant, and are even to a certain extent 
characteristic in some families and genera. The position of the 
solitary ovale (erecO is constant in Polygonaceae, Thymeleaceae 
and Compoeitse ; suspended ovules are characteristic of Polyga- 
laceee, Euphorbiacese, &c. ; the ascending ovules of Pomaceous 
genera distinguish them from the other Rosacese, &c. 

Again, the direction of the ovules, when there are more than 
one present, is often constant, as in the case of ^sculus and othez 
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genera^ wliere the two ovules of each cell take opposite dire^ofis 
(XVill. fig. 7.) ; both arising about the middle of the cavity, one 
becomes ascending, the other suspended. 

394. In the Order Ranuncuiacese however we have another ei- 
ample of the impossibility of making universal statements as to 
constancy of characters. Here we meet with ovulea, ereet tir 
apparently so, ascending, peritropous and suspended. 

395. When there are two ovules in a cell they may be aitcnrted 
as in jEtcidua, or both have the same direction ; they are tiiefi 
tuperpoaed; or they may be placed side by side, and SLte the* 
called collateral. 

If the cell contains many ovules, these may have very v a fiont 
directions, according to the shape of the cavity in v^hich they 
develope, and the extent to which they interfare with one anotiier 
(XVIII. fig. 8.)> especially if the placentas are thick and fleshy; 
when they actually press upon each other, the form of the ovutee be- 
comes affected, and the ovoid becomes changed into various poly- 
hedral shapes. In long ovaries, like those of some LegumiBbss 
and the Cruciferse, where the superposed ovules are not crowded, 
they often all have the same direction and like form (XVIII. fig»9.). 
When the placentas are linear, the ovules are usually imaged 
in two parallel rows ; in some cases where there appear to be 
more than two rows, this arises from the close approxnaiai^^ii of 
,the points of attachment, causing some of the ovules to deviate 
to one side, some to the other, of the line in which liie Amiciiil 
are inserted on the placenta. 

Fertilization. 

396. Having now described the structure and general chafae- 
ters of the unimpregnated ovule, we have next to examine into 
the nature of the processes which ensue upon the dehiscence of 
the anthers and the fall of the pollen upon the stigma. 

This division of our subject, involving some of the most inter- 
esting physiological points connected with vegetable life, hUs of 
course attracted the attention of a host of observers, but in apfte 
of the innumerable investigations which have been instituted, ail 
is still contradictory and unsettled. The difficulty of prepsifiiig 
the delicate structures and the many sources Of iUumo» tnay-itt 
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some measure account for this, and as I have not yet been able 
to make any observations sufficiently decisive to warrant me in 
adopting any particular theory, my object will be to compare and 
endeavour to some extent to reconcile the leading features of the 
different views which are entertained by those botanists who 
have especially devoted their attention to this point. "To mention 
all the authors who have published upon this subject would ma^ 
mfieally be impossible ; I shall therefore divide the theories under 
separate heads, and there allude to those authors whose opinions 
aire most worthy of attention. 

397. When the pollen-grains come in contact with the fluid 
seeretcd upon the stigma, the pollen-tubes are emitted, and these 
slender oigans insinuating themselves between the loose cellnlar 
tiMiiek-make their way down into the conducting tissue of the 
stylt <XVIII. fig, 10.) . Where the ovule is naked, as in the Coni- 
feiw and Cycadee, they come at once in contact with the micro- 
pyie C4 383,)> or as in Viicum, where the nucleus is without tegu- 
mentj9, immediately upon the mamilla (§ 389-) of the nucleus. 

Thojt :^e tubes which fall upon the stigma do make their, way 
down to the cavity of the ovary, there can be no reasonable 
d9ubt> since not only does Schleiden enumerate more than 150 
sptfciee belonging to upwards of seventy orders in which he has 
tvaood l^em, but they have been observed by the highest authori- 
tiei^«-Brown in Orchidacese and Asclepiadaceae, Wydler in various 
specifis of ScropkiUaria, Amici in Yucca gloriosa and many other 
plants ; and Meyen states that he has traced them in many plants. 
Almost all authors admit that they do actually penetrate the in- 
tercellular passages of the conducting tissue, and I have myself 
traped them to a certain distance in Gladiolus and other plants 
(XVI IX. fig. 11.)- Some writers however still contend that the 
polleU'^tabes are not necessarily formed, and that the ovale may be 
fertilized by the mere bursting of the pollen-grain upon the stigma, 
as isr stated by Gasparini with regard to Ciinu and Cjftinua, 

398, The next question is, whether the pollen- tubes do actually 
reach the ovule and become attached to it. Amici traced the 
poUen^^ube from the stigma in Yucca ghriosa ; Brongniart nex^ 
observed the pollen*tubes passing down the style, and at the 
same time noticed filaments hanging from the mouths of the 

o 
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ovuiet. Th« tabes were traced by Mr. Browa in the Asdeiiia- 
daoeie and Orchidaceae from the stigma to the mouth of the 
ovule, who also observed filaments attached to the mouths of the 
ovules in certain species, but did not assume that these were 
produced from the pollen. 

Schleiden asserts that he has followed the poUen-tubes fiom 
the stigma to the micropyle in all the plants above aiVudcd to. 
Meyen described and figured it in several plants, and Griffith 
declared that in Santalum the pollen*tube enters the embryo^sac. 
It WBS also observed by Wydier in Scrophularia. 

On the other hand, Mirbel and Spach are of opinioB thaX tke 
pollen-tubes do not enter the ovule in Coniferse, and many other 
authors express great doubt on this point. 

399* Among the conflicting opinions as to the origin of &e 
embryo, it will suflSce here to give the evidence supportui^ the 
three theories which appear to be the most important. These 
include certain modifications in their details, but may genccaUy 
be stated as assuming — 

1. That the pollen-tubes burst within the style, dischai^ging a 
fluid containing granular matter, which reaches the ennbryo* 
sac (§ 390.)» and stimulates it to a peculiar activity reaiihiDg 
in the formation of the embryo. (This may include the 
opinion that the pollen bursts upon the stigma and thegxa- 
nular fluid makes its way down.) 

2. That the pollen-tube traverses the canal of the styJe^ and 
reaches the micropyle, enters it, and coming in contact wdth 
the embryo- sac, the septum between the two is abssrbed, 
and the embryo is produced by develc^ment of cells at the 
extremity opposite to that with which the pollen-tube has 
become blended. 

3. That the pollen-tube traverses the canal of the stylo, and 
enters the micropyle and pushes the apex of the embryo«sac 
before it, by which the upper part of the sac is inverted, 
and thus it encloses the tube by a double layer of its walls. 
The layer which the pollen-tube first meets may sometimes 
be absorbed, and then the pollen-tube lies within the sac. 

400. Among the latest supporters of the first theory are Mirbel 
and Spach with regard to the C!onifene, and Giraud tn 2V«pco- 
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him; Wilson also disbelieves the passage of the pollen -tube to 
the ovule^ but figures a filament extending from the cellular mass 
at the base of the styles, which enters the nucleus, and, as he 
admits, might be assumed to be the extremity of a pollen-tube ; 
his objections are founded upon negative observations. Gaspa- 
rini states that the pollen affects the conducting tissue of the 
style, and that a filament is developed from the lower extremity 
of this, which enters the ovule. Dickie, in describing the fila- 
ments produced from the apex of the ovule (§ 389.)/ v^hich have 
been noticed also in several orders by St. Hilaire, Brongniart and 
others, suggests that these may possibly become united with the 
pollen-tubes; but in many cases he found them terminating 
above in blind extremities. He is inclined to think that they 
have often been mistaken for pollen-tubes. Mirbel and Spach 
allude to these ovule-tubes in Thuya, and state that they enter 
the embryO'Sac, but externally are attached to the filaments of the 
sutpensor or cellular body, continuous with the conducting tissue. 
Mirbel believes that the embryo originates from cells produced 
in the embryo-sac, and that it may begin to develope before 
fecundation. Treviranus states that he has seen one grain of 
poUen fertilize several ovules. 

401. The second theory is that advanced by Meyen, and I 
know of no other author by whom it has been supported. He be- 
lieved that the pollen-tube enters the micropyle, and comes in 
contact with the embryo-sac; the contiguous. walls of the two 
bodies then become absorbed, and thus the contents of the pollen- 
tube are discharged into the embryo-sac. The end of the sac again 
becoming closed by a membrane, the upper part of the pollen - 
tube decays, but meanwhile a new cell has been produced in the 
embryo-sac. which divides by a transverse septum into two, the 
lower dividing again, and so on imtil the whole assumes the ap- 
pearance of a confervoid filament. The last cell then begins to 
enlarge, and produce new cells, acquiring a spherical form, and 
this cellular body is the embryo. 

402. The opinion of Schleiden is as follows. The pollen -tube 
makes its way down the style to the ovary, where the extremity 
eaters the micropyle (penetrating the loose cellular structure of 
tJb^e mamilla of the nucleus where this is present) and reaches 

o 2 
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the emhr^'O-eac. He states that in all the fresh examples whjch 
he ezflmined the embryo-sac was pushed inward, so as to .form 
a double sac (which may be familiarly illustrated by a double 
nightcap), but he considers it possible that in such ovules as those 
of Santalaceee, some species of Veronica and Martima diarndsra, 
where the embryo-sac is elongated upward from the apex of the 
nucleus, the membrane of the embryo-sac may give way, and the 
pollen-tube be really in the inside of the embryo-sac. The end of 
the pollen-tube (XVIII. fig. 14.) now appears as a cyliudrical or 
ovate utricle of variable length, within the embryo-sac, the utride 
being closed below, with a rounded extremity, and open above, in 
continuity with the pollen -tube. The end then becomes swelled, 
and forms the germinal vesicle, which either comprises all that 
portion of the pollen-tube which is within the embryo-sac, or is 
connected with the apex of the embryo-sac by a cylindrical pro* 
cess called the suspensory filament, Cytoblasts then originate Id 
the contents, and the utricle becomes filled with cells. T^e.g^^r- 
minal vesicle thus becomes metamorphosed into a conical or ovate 
cellular body (the embryo), and the upper part of the pollen-tube 
becomes detached and absorbed ; where there is no suspensory 
filament the germinal vesicle itself becomes constricted and sepa- 
rated, and then lies free in the apex of the embryo-sac. This 
author gives the names of between thirty and forty plants in 
which he has traced the pollen-tube in unbroken continuity intQ 
the ovule, and in other examples followed the development of th^ 
embryo from the end of the pollen- tube after its arrival at the 
embryo-sac (XVlll. figs. 12-170. 

Martins does not believe that the pollen-tube pushes the «em- 
bryo-sac before it, but enters a cell of the nucleus predisposed to 
receive it. Wydler states that the embryo-sac appeared to him 
to open above, and to communicate with the micropyle by a nar- 
row canal. 

Griffith has declared that the pollen-tube enters the enibryo- 
sac in Santalum and Osyris, and that there is no organ in the 
nucleus, previously to the arrival of the pollen- tube, from which 
the embryo could be produced. 

G^l^sDow affirms that the process takes place as above de- 
scribed in Amygdalus persica, where he says the pollen-tybe 
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pu^lkes the tipper part of the embryo-sac before it and intrerts it, 
bat in Iberis amara and umbellaia the membrane of the apex of 
tite embryo-sac is absorbed, and the poUen-tabe enters into the 
interior of it. 

403. Such are the results of investigation so far, and in this 
unsettled condition I mast leave it, first alluding to the hypothesis 
of some of those who adopt Schleiden's view of the process of 
fecundation and deduce from it that it is altogether analogous to 
the reproduction of the Flowerless plants. We have seen that 
tbe pollen is developed in a manner exactly resembling that in 
which the spores of the lower plants are produced, and from this 
fkct it has been assumed by Agardh, Endlicher and others, that 
the production of the pollen-tube is the analogue of the germi* 
nation of a spore, and that this germ in the Phanerogamous 
plants requires to be further developed within the parent plant, 
exactly as in animals some perfect the embryo of the egg, while 
others deposit it with merely a germinal vesicle. This hypothe- 
sis of course abolishes the sexual division of the organs, since the 
antiier, style and ovary must respectively be regarded as ovarium, 
Iblfopian tube and uterus. 

•* Thb Sbbd. 

404. When the fertilization, whatever may be the nature of 
that process, has been effected, the ovule at once begins to un- 
dergo important changes. The embryo (§ 402.) is now a some- 
what globular body (XVIII. fig. 18.) at the end of the suspensory 
filament (§ 402.), and is contained within the embryo- sac, which 
id at first filled with mucilaginous fluid ; this quickly becomes 
organized and converted into loose cellular tissue, the cells of 
which are produced upon the walls of the embryo-sac and extend 
inward; in some cases another layer forms upon the outside, 
increasing the thickness of the nucleus. The embryo begins to 
enlarge, and pressing upon this newly-formed tissue, causes it 
to be more or less absorbed, according to the size at which the 
embryo finally arrives. 

405. In some cases it occupies the whole seed, being clothed 
merely by the envelopes produced by the integuments (§ 384.), 
but very frequently it does not become nearly so large, and the 
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tisfime, geneinlly within the embryo-sac, sometimes in the nncleBs 
or in both, forms a solid mass, enclosing the embryo more or 
lesB, called alhmMn or periaperm (XVIII. fig. 1 9, «, ») . It has been 
proposed to apply the name endo9perm (XVIII. fig. 19> <) to the 
deposit formed within the embryo-sac, and restrict that of peri- 
sperm to that of the nucleas (XVIII. fig. 19* n), Schleiden states 
that the perisperm of Catma originates from the base of the oToie, 
where the union of the integuments constitutes half the balk of 
the ovary ; the embryo-sac is continued down to this structure, 
which goes on developing until it nearly envelopes the embryo 
and its sac. This he calls a ehalazic (§ 384.) perisperm. 

406; The albumen offers three distinct characters of stmctnine, 
which are useful in the description of seeds ; these are :•— * 

1. The/artnaceoic9 or mealy albumen, where its ceUs are filled 
with starch grannies (§§ 17» 36.). This is peculiarly abandant 
in the Cereal grains. 

2. Thefleihy albumen is composed of cells which have mach 
thicker walls, but are soft ; where these cells contain oil, the al* 
bumen is called oily. 

3. The homy albumen has hard thick- walled cells, in which 
the cavity is almost obliterated by secondary deposits, which fre- 
quently exhibit numerous layers with the dots or canals (§ 4d.>. 

407. Arillus. — ^This term has generally been applied to 
various structures produced upon the ovule, giving additional 
coverings of various forms, in addition to the true integuments 
(§ 384.). Planchon however has distinguished the true oHUum 
from what he calls the ariUode or false arillus. The former tenn 
he applies to a third covering analogous to the other coats, arising 
from the funiculus in an annular manner, and growing op ctv&r 
the seed, leaving only an orifice opposite the micropyle, as in 
Pamfhra (XVII I. fig. 20.) . The ariUode includes the aril of JSho- 
nymus, the Myristaceie, &c. &c., and arises from the borders of the 
exostome (§ 384.), grows downward over the ovule, and is fre- 
quently reflected up again, covering the micropyle. A pecoUar 

* These are conveniently distinguished by the action of tincture of 
iodine, which renders the starch blue, and all the other parts a yellowish 
brown. The seeds must be examined in a ripe state, as the iodine wUl 
tinge the cell-walls of the fleshy albumen blue when recently formed. 
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term ocean in Opuntia, arising by two processes from the fUni- 
ciiluB^ growing over the ovule, and almost enclosing it. 

406. Strophioles. — From the foregoing must be distin- 
guished various bodies produced upon ovules, sometimes forming 
glandular protuberances, as in Jsarum canadense (XVIII. fig. 22.) . 
They originate independently both of the exostome and the funi- 
culus, arising from various situations upon the face of the ovule, 
and especially along the raph^ <§ 387.)* 

409* Devblopmbnt of the £mbryo. — ^The embryo we left 
(f 404.) as a somewhat spherical body attached to the suspen- 
sory filament. Ab it developes we find, first, the end continuous 
widi the suspensor elongating upward to form the radicle, while 
the globular extremity soon begins to present traces of its future 
eotyledonary character. The radicle therefore is directed toward 
tiwmicTopyie (§ 383.) and the cotyledons toward the chalaza 
(§ 384.) ; the position of the embryo is thus reversed in regard 
to that of the ovule, of which, as we have seen (§ 383.), the mi- 
ctopyle diaracterizes the organic apex. This is the great point 
of distinction between embryos and buds, 

410. In certain plants, particularly in some parasitic genera, 
there are no cotyledons visible in the embryo, as in Cuscuia 
(XVIII. fig. 23.). In other plants, as in Pekea butyrosa, they 
are exceedingly small as compared with the body of the embryo 
(XVIII. fig. 24.). 

Generally the cotyledons form the greater part of the embryo, 
and enclose in addition a little axillary bud, which is called the 
plumule. 

In a former chapter it was mentioned that the Flowering plants 
are divided into two great divisions, according to the presence of 
one or of two cotyledons in the embryo (§§ 95, 96). This differ- 
ence of structure renders it necessary to examine the conditions 
separately. 

411. Thb Monocottleoonous Embryo. — ^The usual form is 
eilker cylindrical, with rounded extremities, or ovoid, more or 
less elongated. It does not present, externally, any very evident 
marks of distinction into different regions. By careful exami- 
nation however a little slit or a conical projection may generally 
be recognized at one side, and on making a section of the embryo 
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a little conical body is found buried in its substance, opposite 
the slit and just below the surface (XVIII. figs. 26-^). IMs 
is the plumule or gemmule, and by ascertaining the poeiticnLof 
this we are enabled to determine the eitent of the radioU (XVJIL 
figs. 25-6, h) \ that part below the plumule, directed tofward te 
micropyle ; and of the cotyledonary portion, all that part above 
the plumule, forming the chalazal end of the embryo. 

412. A reference to the mode of development of the inoiioco<* 
tyledonous stem (§ 102.) and leaf (§ 162.) enables ns to reeog- 
nize that the position of the plumule thus buried in the cotyledsft 
is exactly analogous to that of all young leaves in this diTisicm.; 
the slit is evidently the opening of the sheath or vagina (§ l6fi.) 
of the cotyledon from which the first leaf escapes. In the dfii»- 
lopment of the leaves the limb appears first from the sheath «if 
the one below it, and by folding inward at its lower part fonaa 
the sheath which encloses the leaf next following, and the detle- 
lopment of the single cotyledon exhibits similar phsnomeaa ; ii 
first appears as a little conical body, which becomes ezpandedl at 
the base and soon presents a little paplila, the plumule* in tfai» 
situation ; the sides then fold inward upon the plumule and <ea* 
close it, the little slit indicating the juncture of the edges^ 

In IHoscorea the sheath never encloses the plumule perfectly 
(XVIII. fig. 27.)> and the embryo presents a flat cotyledon with an. 
imperfect sheath at its base, within which appears the plnmnie. 

The plumule is sometimes distinguishable externally, wheja the 
inflected vaginal portion of the cotyledon is merely membnuidiis^ 
or the two sides do not meet. 

Usually only one leaf can be distinguished in this sheath, h«t 
sometimes there are one or even two more, successively di»^ 
creasing in size. 

413. The radicle (XVIII. fig. 25, () is usually much shorter tiian- 
the cotyledon and of a somewhat denser structure, but in cerfski 
cases it is as long or longer than the cotyledon ; embryos pve- 
senting such a condition are called macropodous, Occaaioaaliy 
it is much enlarged laterally, so as to constitute the greater pAVt 
of the embryo. Its inferior extremity is usually rounded, bnl . 
sometimes attenuated to a point, whence the first real radiolev 
fibre (§ 132.) makes its way out* 
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414* Thb Diootyledo NOTTS Embryo. — The embryos of this 
sion are extremely varied in their form. One of the most 
common forms is that of the Almond (XVIII. figs. 28-9.)* ^hich 
iMky he taken for the description of the parts. The ovate coty- 
ledons rXVIII. figs. 28-9f c) are applied face to -face and form 
the greater proportion of the embryo ; below is seen the radicle 
(XVIII. figs. 28-9> r), continuous with the plumule (XVIIL 
fig^^, p), which is concealed between the cotyledons. The 
radiele here becomes itself prolonged to form the first root, and 
tibe plumule often presents two or even more little lobes at its 
apex ; these are nascent leaves. 

. The cotyledons are generally nearly of equal size, but in some 
plmte one much exceeds the other ; in certain instances indeed, 
due of the cotyledons is so much smaller that it is not percep- 
tihiB without careful examination (XVIIL fig. 30.). 

Sometimes the cotyledons are so intimately connected together 
that tbey present the appearance of a monocotyledonous embryo, 
bitf Ibore, as in Carapa (XVIII. fig. 31.), the plumule is in the axis 
of) tile cotyledons and directly continuous with the radicle. The 
line of demarcation between the cotyledons is generally pretty 
evident in the mature condition ; in the partly developed embryo 
hQWcyer they may be distinguished readily, as they are not at 
final; united. 

.Tbe cotyledons are generally only in contact, not really 
united, and they frequently become very large, as in the Almond 
(XVIIL fig. 28.), the Oak, &c. ; they are then generally flattened 
at the internal face where they are in apposition, the outer faces 
beHig usually convex. In Ricinus they are thin and flattened on 
both, faces, and are called foliaceous ; in Euonymu8 the true foli- 
aceous nature is more evident. Their borders are usually entire, 
but. in the Lime, the Oak and the Walnut they are somewhat 
lofaed- (XVIIL fig. 32.) . There are even indications of the nervures 
in some instances; most distinct on thin flattened cotyledons, 
Belikm very evident on the fleshy kinds. 

3119 thin cotyledons sometimes exhibit stomates (§ 66,) in 
thiir epidermis, and the foliaceous nature is so far assumed in 
some .embryos, that the cotyledons are provided with petioles 
(§ 148.), or separated from the axis by a short constricted por- 
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tion (XVIII. fig. 33.) . In most cases however tbey are sessile upon 
the axis, and the base is then sometimes prolonged downward 
on each side so as to render the cotyledon cordate in its ontluie ; 
when these prolongations are short and narrow, the cotyledon is 
sometimes termed hi^aurundate (XVIII. fig. 34). 

415. In abnormal cases there are sometimes more than two 
cotyledons in dicotyledonous embryos ; in the Coniferae however 
this is often the regular condition (V. fig. 17*), and these are 
sometimes termed polycotyledonous embryos ; but the term b 
not applicable to all the embryos of this order, and th^efore 
does not indicate a natural division. Whatever may be the 
number of cotyledons above one, they are arranged in whoris, and 
thus opposed to the single cotyledons where the first leaf uker- 
nates with that organ. 

416. The Gymnospermous embryos, indeed, those of the Co- 
niferae and Cycadese, have many points of distinction firom both 
the other kinds. Very frequently rudimentary embryos are 
formed in great numbers in the nucleus in the cavities called the 
corpuscula (§ 390.), and the single embryo fully developed always 
offers a peculiarity of its radicle extremity, which never presents 
any distinct termination, but is lost gradually in the albumen. 
According to Decaisne, the embryo developed in the naked na- 
cleus (§ 383.) of Fiscum presents a similar character. 

The form of the cotyledons, which vary in number up to six, 
nine, or even fifteen, is then linear, and this verticillate arraoge- 
ment at once reminds us of the fascicles of leaves (VIII. fig« 5) 
in the Larch, &c. 

417< Cotyledons, as we might expect from their f(^iaceous 
nature, are not always applied face to face, as in the case above 
cited (§414.), but present arrangements analogous to those' of 
the leaves in the bud (§ 1 72.). They may bereclt«a^« (VIIL fig, 
14, a) ; condupUcate (b) ; convolute (d) ; or circinnate (g). The 
cotyledons are then usually both folded in the same direction, 
and being parallel form as it were a single body ; when they aie 
folded in opposite directions (the cases are rare) they are ttther 
equitant (VI II. fig. 15, e), half-equitant (/), or corrugaied, that 
is, crumpled up like the petals of the Poppy (§ 2870 ^ Some of 
the foliaceOus cotyledons (§414.) present special complicated 
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arrangements which do not admit of a precise general defini- 
tion. 

418. The cotyledons have various relations of position to the 
radicle ; sometimes they are directly continuous in the line of 
direction of the radicle. In straight embryos therefore the 
radicle is perpendicular to the cotyledons, in curved embryos it 
follows the curve of the conjoined cotyledons, the united bodies 
generally describing an arc of a circle (XVIII. fig. 35.), or even a 
spiral line (XVIII. fig. 36.). 

Very often the radicle joins the cotyledons at either an acute, 
obtuse, or right angle, or is even completely bent back, so as to 
lie parallel with them (XVIII. fig. 370- 

This folded radicle may be in contact either with the face or 
the border of the cotyledons ; these conditions are respectively 
termedineumbentOiWUl, fig. 38.) and accumften/ (XVI II. fig. 390. 
such positions of the radicle having a relation to the folds of the 
cotyledons upon themselves (§417.). 

419* Relations of the Embryo to the other parts of 
THE Seeb.-— The embryo in the course of its development comes 
to occupy more or less space in the body of the seed ; the rela- 
tive length may be very small, half or even eqaal to that of the 
perisperm (XVIII. figs. 40-2.), and its thickness varies in like 
manner. The quantity of the perisperm will necessarily be ex- 
actly in the inverse proportion to the size of the embryo. 

When the embryo lies in the axis of the seed it is termed axial, 
and may then rest upon the perisperm, merely touching it at the 
cotyledonary end (XVIII. fig. 43.), or may be completely buried 
in it with the exception of the apex of the radicle (XVIII. fig. 44.). 
In the Coniferae, as I have mentioned (§4X6.), the extremity of 
the radicle is lost in the perisperm, or perhaps may be said to have 
become adherent with it by a development of the suspensor 
({ 402.). 

420. The embryo may lie out of the axis, being most distant 
from the side where the chalaza is situated ; when enveloped by 
the perisperm, this is of course much thicker on one side than on 
the other ; it is then abaxial. Sometimes it is altogether outside 
the perisperm and lies beneath the integuments. This condition 
IB most frequent in seeds which have been campylotropoua 
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(§ 38G.) ovules, and then the chalaza lies in the concavity of tlie 
curve, while the embryo, which is called peripherical, curves 
round the convexity of the perisperm instead of lying within it 
(XVIII. fig. 35.). In a straight seed like that of the Grasses, the 
embryo lying upon the surface of the perisperm is very small in 
proportion to it. 

421. The internal and external situations of the embryo in 
regard to the perisperm have been characterized by some writers 
by the terms embryo intrarius and extrarius, 

422. In those cases where the development of the coats of the 
seed is irregular, the micropyle (§ 383. J is not opposite to the 
apex of the nucleus, and thus the embryo no longer lies in the 
organic axis of the seed, which is denoted by a line (straight or 
curved according to the form of the ovule) drawn from the mi^ 
cropyle to the chalaza. This occurs among Primulacese, Plan- 
taginese, and many Dates. The radicle is then directed to a point 
some distance from the extremity of the seed (XVIII. fig. 45.), and 
the embryo is termed excentrical. 

423. The direction of the embryo in relation to the micropyle 
and chalaza is constant in the majority of cases ; the radicle 
pointing to the former and the cotyledons directed toward the 
latter. But the relative position of the hilum, the point of at- 
tachment of the fuuiculus, which is visible as a sort of scar 
upon the ripe seed, is very variable. 

In orthotropous ovules (§ 385.) the hilum coincides with the 
chalaza ; in the anatropous (§ 387.) it is at the opposite extre- 
mity. In the former case the radicle will point directly away 
from the hilum (jradicula kilo contraria, XVIII. fig. 46.) ; in the 
latter it will look toward it {rtidicula hilum spectans, XVIII. fig. 
47.). In the first condition the embryo is termed antitropous -, 
in the second, homoiropous. When it is curved upon itself sa 
that the two extremities are approximated (XVIII. fig. 35.) it i$ 
called ampHtropous, under which circumstances the embryo is 
generally peripherical (§ 420.). Thus the antifropous embryo 
belongs to the orthotropous ovule, the homotropous embryo to tjbe 
anatropous ovule, and the amphitropous embryo to the campylotro- 
pous ovule, 

424. Coats of the Sbbd. — ^While the embryo is becoming 
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developed, the various coverings which envelope it undergo cer- 
tain changes ; the emhryo-sac« the nucleus, the primine and 
secundine (§ 384.)^ may all persist and grow with the emhryo as 
they are seen in the young seed ofNymphisa (XVIII. fig. I9*)* But 
generally speaking, some of them disappear. The two coats, the 
primine and secundine, sometimes become blended together, or 
one of them, usually the internal, gradually disappears. The 
nucleus, again, pressed upon by the embryo-sac, distended by 
the growing embryo, becomes pushed outward and assumes the 
character of a thin membrane lining the outer integuments, or 
may disappear almost entirely, either by becoming blended with 
them or becoming actually absorbed. The embryo-sac, as we have 
seen (§ 404.), becomes at first filled with cellular tissue which 
may become the perisperm ; sometimes this is absorbed through 
the pressure of the growing embryo until it then only appears as 
a membranous layer clothing the embryo. Thus the ripe seed 
generally exhibits two coats : the external, formed by the outer 
integuments; the interior, formed either by the nucleus, the 
embryo-sac, or both, blended into one membrane, or even of the 
internal coat of the ovule when this has not disappeared. These 
two coats are called the testa and the internal membrane or 
endopleura, 

4^5. Hie embryo, whether enclosed in a perisperm or not, 
possesses two coats, the internal immediately investing the em- 
bryo, or the albumen where it is present, and following all the 
irregularities of its surface. Sometimes the testa follows the 
surface of the internal membrane, especially when the embryo 
is' erect or almost erect ; but where this is curved or reflected 
Upon itself/ only the internal membrane is continued into the 
folds, and the testa scarcely exhibits any depressions. Some- 
times the membrane is exceedingly irregular and dips down into 
the perisperm forming numerous duplications, and thus divides 
it i&ore or less deeply into lobes, giving rise to what is called 
the ruminated condition of the albumen, as in the Anonaces, 
the Sago, Areca and other Palms, &c. In other cases the testa 
forms various processes, such as the arillodes and strophioles 
(§ 467.), or even vnTigs, like those formed by the carpels in the 
tamarous fruit (XVII. fig. 14.)« 
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426. The internal membrane is genendly soft and delicate* and 
of a inmsparent whitish coloiir« but in some cases it is fleshy 
either in places or in its whole extent. The testa is sometimes 
of the same colour and texture^ but usually it becomes denser 
and of a darker colour. It may be soft» fleshy* coriaceous or 
even woody ; in the latter case* if thin* it is generally brittle. 
Very frequently it forms a thick firm layer, composed of celk 
perpendicular to the surface (IV. figs. 15* 16.). The external 
cells frequently secrete various matters. The surface may be either 
smooth or irregular ; in the latter case it presents various dia- 
racters ; for instance, it is covered with various elevated mariungs, 
such as points, ridges* &c. ; or depressions* such as punctatioas, 
or excavations ; or as in Papaver and some species of Geramwm, 
it is marked with a reticulation of anastomosing ridges (XVIII. 
fig. 48.) . Some seeds are covered with hairs* and in certain ordere, 
such as Polemoniaceae* Acanthaceie and the genus Salvia, with 
many others, it presents cells of a very delicate structure cob- 
taining elastic spiral fibres (I. figs. 20* 21 and 23). 

427. The raph^ is found within the external integument in 
the ovule (§ 3870 and in the seed ; it consequently lies within the 
testa, either in a channel which projects externally* or in a casal 
hollowed in its substance. The vascular cord traversing the 
raph^ passes inward at the chalaza and then ramifies oYer the 
internal membrane (XVIII. fig. 49.)* The two coats of the seed 
are generally thicker in the region contiguous to the raphi^. 

428. Position of the Seed in the Ovary. — In a former 
paragraph (§ 392.) the various positions of the ovule have been 
described* and although the seeds undergo great changes in this 
particular during development, when they have acquired their 
perfect condition their positions are analogous to those of ovules, 
although changed from those occupied by themselves in the ear- 
lier stages. Thus we have a seed ascending, erect, inverse or 
suspended (§ 392.)* either in the same direction as the funiesius, or 
in the opposite ; or it may be attached by its middle and thus be 
curved or folded upon itself (§ 388.). The same figures which 
have served for the ovules will illustrate these positions (XVIII. 
figs. 1-6.). 

429. The direction of the radiple* almost constantly pointiog 
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to t^ micropyle> may be in regard to the cavity of the ovary, 
wperior, that is, pointing upward — inferior, turned downward — 
veiUral or centripetal when looking toward the axis, and dorsal 
or centrifugal when directed toward the outer wall of the carpel. 
The direction of the radicle therefore, together with that of the 
seed, informs us of the direction of the ovule, and vice verad; thus, 
if we find an erect and straight or orthotropous (§ 385.) ovule, 
we may conclude that the embryo will be antitropous with the 
radicle superior ; in the same manner a superior radicle in an 
erect seed informs us that the ovule was orthotropous. These 
characters are useful in practice where we can only obtain plants 
in particular conditions, as in dried foreign specimens. 

430. In some plants the micropyle is visible in the ripe seed, 
especially in many Leguminoses, as in the Pea, &c., where it is 
distinguishable as a little orifice. In other cases the seed has to 
be dissected, and the micropyle may be found by tracing where 
the radicle terminates. 

The hilum is indicated by the attachment of the funiculus, and 
after this is detached, by a cicatrix. The chalaza is often distin- 
guishable by a difference of colour from the rest of the integu- 
ments, being lighter or darker ; when it is of the same colour, 
dissection is necessary, and exhibits the coats thicker and of a 
different tissue in this situation. It may be linear, or a circular 
areola, or of an intermediate form, and is always at the cotyle- 
donary extremity of the ovule. Where the hilum is at a distance 
from the chalaza, the vascular bundle passing through the funi- 
culus is continued through the external coat forming the raphe 
to the chalaza, whence it sometimes ramifies over the internal 
coat; it may almost always be distinguished by its colour, which 
is usually darker than the surrounding tissue. The raph^ with 
tlie thickened tissue enclosing it, appears to be really a portion of 
the funiculus adherent to the integuments (§ 387*)> as the genius 
Zygopkyllum exhibits all intermediate stages between the free 
funiculus, the direction of which is opposite to that of the ovule 
(XVIII. fig. 50.), and the adherent condition where it forms a 
raph6. The raphe is usually on the ventral face of the ovule, 
that is, the face looking toward the placenta ; in a few cases, as 
in Fagonia eretica, it is on the dorsal face. 
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431. Thus if we can determine the position of the'hiliim» the 
chalaza^ the micropyle^ and the raph^« upon the surface of the 
seed, we may thence deduce the direction of the embryo ; but the 
knowledge of the direction of the embryo is not sufficient to 
determine these points upon the coat, since the position of the 
hilum is variable. 

Germination. 

432. [t now remains only to examine the manner in which 
the seeds we have been describing germinate, or exhilut the 
active vitality which brings them into the condition of indepeiH 
dent, self-sustaining plants. 

A certain degree of heat and moisture and the free access «oC 
air are necessary to the process of germination, and it talMts 
place with a varying degree of rapidity in different plants* Yfe 
may distinguish two stages, one in which certain change^ gp on . 
in Uie seed itself, and the other commencing as soon as the «ni* 
bryo has burst through the coats. 

433. Where there is aperisperm (§ 406.), chemical ch«Ma^gp)s^ 
on in this (§ 207.) » which render it fit to nourish the .eqibc}in; 
the different parts then enlarge and absorb the matter con- 
tained in the cells of the perisperm, which sometimes wholly ^i^ 
appears, sometimes alters little in appearance, as in Phytelt^p^kft^ 
Where there is no perisperm, this stage of the process is a x^ece 
swelling up of the parts by the absorption of water and the de- 
velopment of the axis of the embryo from the matters stored up 
in the cotyledons. 

434. This increase of the size of the embryo causes it to iUreak 
through the coats, and the radicle usually appears firs^ as hmt^g 
nearest the surface, and moreover opposite to the micropylcu which 
readily yields to the pressure. The radicle of the embryo <^^ in 
fact, the first internode or merithal (§ 95-96.) of the stem» and the 
plumule (§ 410.) or gemmule soon disengages itself from the s^ed, 
elongating upward as the first terminal bud (§ 169.), while the 
lower extremity of the so-called radicle of the embryo grows in 
the opposite direction to form the main root. The cotyledonary 
portion, whether single or double, remains last in the seed-coats 
(XVIII. fig. 51.) ; sometimes it withers there, in other cases it 
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escapefl and expands into foliaceous lobes (V.figs. 18,1 9.)> which 
beeome green, and indicate the junction of the first or embryo- 
nary intemode of the stem with the second arising from the gem- 
nnile. 

4B5. There are certain points of distinction between the ger- 
mination of dicotyledonous and monocotyledonous embryos. The 
latter usually possess a perisperm of considerable size, and the 
cotyledon does not become disengaged from the seed-coats. Some- 
tiddes it produces an external prolongation, more or less slender 
aad of 'variable length, as in Allium, Canna, &c. (XVIII. fig. 52.), 
which connects it with the axis. Sometimes it is immediately 
attached to the axis, which at once developes in a direction tan- 
genta^ to the seed. The sheathing portion of the embryo in- 
dicated by the slit (§ 411.) elongates with the axis enclosing it, 
and'fhe i^it gradually opens and emits the first leaves, and then the 
aids Ott wl^ch they are borne (XVIII. fig. 53.) ; the radicle bursts 
thrbUjgiif below (§132.). In a few orders, such as Alismacese, 
Potameffi, &c., the cotyledon escapes from the coats and elon- 
gat6s'ti^^#ard0 (V. figs. IS, 14.). 

486^. The cotyledons of the dicotyledons usually escape from 
the''Bted-coat and separate, mostly rising above ground; but 
8onf€ftinies remain within it, or are even united together, giving 
the^M^bryo the appearance of that of a monocotyledon ; but the 
pltnttftlle escapes from the interval between the bases of the co- 
tyltidons and not from the interior of a sheath. 

The' YJotyledons persist for some time, becoming gradually 
exhausted by supplying nutriment to the young plant until that 
has ak^qtfired a suflicient development to enable it to assimilate 
thtf tttatters necessary for its own support and growth; they then 
widier, and germination is complete. The young plant there- 
foi« is'thus brought to the condition described in the earlier part 
of thfirtolume (Chap, v.), and begins to run through the course 
of development, the description of which this paragraph cour 
eludes. 
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Chap. X. GENERAL PHYSIOLOGY. 

Sect. L PHiBNOMBNA ATTENDING THB PRODUCTION OF 

Flowers and Fruits. 

4a7. In the Chapter devoted to the examinatioii of tbe phy- 
siology of vegetation (Chap. VII.), the various proceesw imt 
eKamined, which are carried on within a pUnt in the perionttanoe 
of tiioae fuDctions directly necessary for its own supiport and 
growth. At a certain period, new elements enter into the ques- 
tion, namely, when the production of those or§^» takiia {dace 
which are destined to reproduce the species. When the fltiwecs 
are developed, and much more when the maturation of the fisit 
csommences, a far greater demand comes to be made.»p<«*h« 
nutrient functions, with varying consequences affisetingtliedK- 
ration of the life of the parent plant. 

438. Flowering, in a healthy condition of plants,. tq^Ke* fd^e 
at a tolerably definite epoch in each species, and tiua cpDchtoay 
be rendered earlier or later in the life of tiie plant by ^artififcial^r 
even accidental natural conditions, such as peculiaritieaiotf sea- 
sons, &c. The flowering period however appears to be retttded 
most by a too active condition of the vegetative Wrg«i«a;fcr 
when plants are placed in a soil more abounding ia nulrimeiit 
than is natural to their physiological peculiarities, th^ ftwptaAj 
go on producing leaves and branches without the least tendency 
to develope flowers, but by cutting the shoots or otiierwiseTdi«*. 
ing the activity of the developing functions the plants are caused 
to flower. On the otiier hand, plants, especially anzaia^.^wiieD 
they have acquired just sufficient development to enable theta to 
sustain an independent existence, will frequcntiy sorvrw: tinder 
very adverse conditions of soil, moisture, &c., andifeaain 
dwarfed, witii few leaves, but still produce flowers. The flopww- 
ing and fructification therefore appear to require an occn^tefoii^ji 
of nutrient matter, and this view is borne out hrf wJhot i»«e 
occurring in our cultivated plants. After a bad sett*©* in'TAkh 
Uttie fruit ia produced, the next year geneuatty pRsetitaaiisto- 
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dant crop, and vice verad. Again, by removing a ring of bark 
from a branch in unproductive fruit-trees, the downward pro- 
gress of the assimilated nutriment is arrested, and by its accu- 
mulation causes the branch to bear an abundance of fruit. The 
pruning of fruit-trees is conducted on a similar principle, the 
buds being chosen for preservation which are seated upon the 
wood of the previous year instead of those on the young shoot ; 
the seedling also, which when left to itself does not flower for 
sevend years, is, by grafting it upon an older stock having a 
much nM>re considerable power of affording nourishment, ren- 
dered at once fertile. These facts render it evident that the 
processes of reproduction tend to exhaust the parent plant, and 
annuals possessing little means to enable them to endure this, 
it kills them ; biennials in the flowering period exhaust the ac- 
onmuloted store of two years and then die. Perennial plants do 
not flqwer so eaiiy, and they are thus in a condition to with- 
gUJaod the exhaostive process with impunity. A proof of the 
truth of the above views is afforded by the process of rendering 
aHBRwlct^ bieiiniai or even perennial, by removing all flower- 
iNids as, sooii as they are developed ; the plant then produces 
wood and acquires a shrubby character. Converse cases are 
gsveib by tdie examination of the roots of the Beet, Turnip, &c, 
befinto and after flowering \ in the latter stage they will be found 
divested of all the saccharine and farinaceous matter with which 
Ibey ^effe previously densely filled ; all plants indeed, the pro- 
duelist iof vegetation of which are used for economic purposes,* 
-aie in the most favourable condition just before flowering. The 
Sugar oeane is gathered at this epoch, and all the vegetable 
jniors possessing medicinal properties, such as that of Hyowy- 
amus, €&MMBiii,&c., afford the most powerful effects when obtained 
at this peciod. 

Many other examples of this exhaustion by flowering, and of 
•tbe> lengthening of the duration of life by retarding it, might be 
grveil ; some of the most striking of the former are presented by 
the Agin9< or. American Aloe as it is called, which lives many 
yieaos wilihotMc flowering (formerly it was supposed for a hundred), 
.ibiit/afteK the^ pcodaotion and completion of the inflorescence, 
•iiiliiif hiis:J3f •eftormiovs size and developed with amazing rapidity, 

p 2 
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the plant perishes ; the Talipot Pahn, which, after a life €3(ten4* 
ing over many years, during which it attains a great height a«d 
bears a crown of leaves between twenty and thirty feet in di^ 
meter, flowers for the first time, produces a vast ({oajitity^f 
seeds, and dies. 

439. The nutriment thus abstracted from the parent plant 
goes in great part to form the concentrated store of food which 
is laid up in the perisperm and cotyledons of the seed. Bat a 
large amount is consumed in the process of flowering ; here 
there is no separation of oxygen as in the green leaves, all 14 -de- 
velopment (§§ 207-8.)> and the flowers absorb oxygen froiBLtbe 
air like animals, and give off a certain amount of carbonic atid, 
resulting from the oxidation of a portion of the carbon of ^ 
nutriment supplied by the vegetative organs. 

The same process takes place in the development of the yiqAi^ 
plant from the seed. In germination (§ 433.) there is an oxidar- 
tion of carbon as in the development of flowers, and in Jtio&h 
cases it is accompanied by the liberation or production of hf^ 
as occurs under all circumstances when these two elemwMB 
combine. Examples of the heat afforded by the decomposition ^ 
vegetable matter by oxidation, also occur in " bark-beds" het^ptg 
cotton-bales, &c. . ,-^ 

440. The liberation of heat is sometimes very extraorfiinAfSi 
as in the Aroidee ; it has also been observed in the Bignowffii 
the Gourd, &c. In Jrum, at the time of the openipg p/q^ 
flowers in the spadix, a kind of "quotidian fever" is remw^^j 
the heat each day rises up to a certain point and then dfin^nef^^f^ 
until it is little above the temperature of the surrounding ata^ 
sphere ; the maximum of heat increases daily for some day^j^afl 
then gradually declines. In Arum maculatum the maximum ibAA 
been found to be from 17° to 20° above the temperature of t^e 
surrounding air; in v^. dracunctdus and itaUcum it is 0»pch 
higher. 

441. The checking of vegetation, which has already been al- 
luded to as favouring the production of flowers, is carried out 
on a grand scale in nature in the season of repose whiqh is 
peculiarly characteristic of plants. This is not. a hybi^nui^^pi 
like that of animals, inasmuch as the store of foodi^ not .1^^ 
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t^ support the plaiit during the winter when it is almost per- 
ft«tiy at rest, but to fortify it for the increased efforts of the 
nttatt e^ason. The check appears to be first given by the dimi- 
nish^ supply of the moisture which is especially necessary for 
rapid vegetation ; as the summer advances the soil and air be- 
come drier and the production of leaves goes on more slowly, 
flowers are produced, seeds ripened, and finally, in perennials, 
fJie leaf-buds for the following year and the store of starch, &c. 
for their nutrition. The cold season maintains the repose, and 
hk the Spring the heat, together with the abundant moisture, 
stimvilate the plant to fresh activity. 

The ^reriodical rains and droughts appear to bring about the 
sttihe obnditions in tropical climates, where there is no cold 
season. During the dry season, which may be regarded as ana- 
logous to our winter, all vegetation is dried up, except such 
plants as "Euphorbias, Mesembryanthemums, &c. Roots and 
bufbb ^are dormant. When the rainy season commences the 
p/lants acquire extraordinary activity, new leaves are produced, 
floW^i*^buds developed, and then again fruits ripened and bulbs, 
&c. produced as this season approaches its close. 

442. In the maturation of fruits, very peculiar chemical changes 
are involved. In the first instance the carpels are analogous to 
lesttes and liberate oxygen in the light, &c., but after some time 
this process ceases in those fruits which become fleshy or 
l^lpy. ^Tfae cellular tissue becomes enormously developed, and 
ai'ihidt' contains a large amount of water, which gradually di- 
fifiri^shed ito proportion to the solid matter as the fruit ripens, 
by Evaporation Xthis however taking place less and less freely 
k^'the* ^it advances in development) and by chemical com- 
hknitSbn with the other matters. The proportion of cellulose 
(§1 14.) or woody matter becomes smaller, while that of sugar 
inereas^s. Besides these, albumen, dextrine (§ 18.)> gelatinous 
matter (§ 16.), pectine, tartaric, and often malic and citric 
addft appear, the latter substances sometimes combined with 
Ikne, &c. The firm cellular matter, lignine (§ 14.), is deposited 
in Ikrge quantity in the fruits of the Pear, &c., and the cells thus 
iM^ekted, scattered through the fleshy mass, give it the peculiar 



224 MATURATION OF TRVlT. 

Tlie cellnlose and the dextrine undergo decomposition and are 
changed into sngar (§§ 20, 23.)> and these chemical dianges go 
on freely after the fruit has been detached from the plant. 

443. Hie substance called pectic add appears from Fray's 
observations to play an important part in the changes taking 
place during maturation. The pulpy mass foand in young 
fruits is chiefly composed of a gelatinous matter, from whidi, by 
the action of acids, he obtained the substance which he calls 
pectine ; this, by contact with albumen, is converted into pectir 
acid. Pectine is soluble in water, but pectic acid is insofuble, 
and only absorbs water and becomes converted into a gdad- 
nous matter. These transformations take place spontaneously 
in the fruit, the pulpy mass affords pectine by the action of &e 
vegetable acids, and the pectine is changed into pectic add by 
the albumen also present. 

444. The presence of starch in the fruit is as rare as its occur- 
reace is common in the seed, but in the Banana and the Bread- 
fruit it is abundant, and especially in those varieties where tile 
ovules are abortive. 

In certain fruits the pericarp contains a large quantity of-fiied 
oil, as in the Olive ; this is contained in special celb. Kasttltial 
oils are much more common, and are generally contained 4n 
cells grouped in particular forms, such as glands, &c.» e. ^. inthe 
Orange, Rue, Fraxinella, &c. 

445. Hie time at which the fruit is mature varies in dififennt 
plants ; indeed we are accustomed to look upon them as ripe at 
that period when they are most agreeable as food> whieh inihe 
Apple is much earlier than in the Medlar. As indehiscent Aaits 
(§ 366.) however, they decay gradually by the <n;idation of tiieir 
tissues, liberating carbonic acid, and undergoing the potnefactive 
change, until the seeds which they contained are set ireei^ tlus 
decaying mass which invests the seeds not only does not iniiire 
them, but probably assists in their development and genai- 
nation. 

446. The dissemination* of the seeds is effected in a ualtilsde 
of ways which it is not worth while to particularize here ; ina ftw 
cases however the seed germinates while still atta ch ed to tfae^lant, 
esf^edidly in pulpy fruits like those of Cucurbitaceee* Bten* in 
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the M^angrove, a large tree, this is the case ; the ra(Ucle9 pwce 
the pericarp and elongate until they reach the mud in which t))e 
trees grow. 

447* Many more seeds are matured than are destined imme- 
diately or even evei* to germinate ; thus accidental interference^) 
are provided against, and the wide distribution ensured, espe- 
cially as, the vitality of seeds under favourable circumstances 
appears to be almost indefinite in its duration. The Wheat from 
the (Casea of Egyptian mummies is said to have been made to 
germinate. lindley mentions a case of the germination of 
lUupberry seeds taken from a " barrow " at a depth of thirty 
feet in the ground, with which were found coins of the emperor 
Ha4i;ian ; plants were raised from these seeds, and bore fruit. 

Sect. II. Colour. 

44$,« Hie phsenomena of colour exhibited by plants have been 
investigated^ but hitherto without much success as regards the 
det^roination of the principles upon which they depend. The 
coloured parts may conveniently be divided into two classes ; 
those .which are green, owing their tints to the presence of dilo- 
i^phylte (f 24. )> and those presenting various brilliant colours of 
a dtJSSdrent character, and belonging in general to the organs of 
thoffl^wer. 

449« The green colour is displayed by the young bark, leaves 

and'' other orgims having the foliaceous character, such as the 

't:alyx, icarpels, &c. The intensity of this appears to depend 

Upon the action of light (§ 208.). Certain exceptional cases are 

r 'itt€brd^ but the evidence of daily experience is too strong to be 

■tttetrbalanced by a few contrary instances. 

1 * HiAse foliaceous organs are not always altogether green ; they 

iiay be variegated or wholly coloured, either on one or both 

faces, with a different tint ; in the latter case the young bark, is 

waally of the same colour, as in the Beet, some Airvplices, the 

copper Beech, &c. In Aucvha the leaves are variegated with a 

ydlowish cok>ur> in Caladium bicolor with red, and in certain 

• flaonfirages. Ice. they are green above and red or brown below. 

Again, aiaiky green leaves change their colour in the autumn ; 
inPoplam, Elms, &c. they become yellow, in the Ampelofm or 
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Virguuan Creeper a bright nd, in the Vine spotted with. yeBem 
or purplcj and these colours often corre^wnd with those 
by the ripe fruit. Brownish patches often appear, oo 
which are much exposed to a bright smilight. Ia 
plants the green colour is deepest in those leaves vbicikhave 
abundance of daylight, and are not much exposed to the «brert 
rays of the sun ; and in lofty and exposed situations, as aninou*> 
tsins, the leaves often become reddened at an earlier period ifaaa 
in lower districts. 

Those plants called evergreen, the leaves of which do mt fidl ai 
the autumn, nevertheless are of a lighter colour in ^e winter* 
The loss of the green colour most probably depends upon 
gradual decrease of amount of carbon in the chloropfaylle,' 
as tbe activity of the plsnt diminishes at the approach at tin 
season of repose, becomes oxidized for nutrition more rapidiy 
than the reparative process is carried on by respiration* In tbt 
yellow withered leaves no more chlorophylle is to be found. Tbi6 
red colour is said to be produced from the colourless juices y it 
sometimes presents itself, as in Anpelopns, in red granules^ Tkt 
white variegations are stated by Nourse to be prodooed by densa 
white cells lying over the chlorophylle. The brown spiitanfittlt 
from a similar cause; the cells become dense anditheir wsdls'im^ 
bued with a brown resinous or extractive matter, whidh iS'ialsa 
frequently deposited in granules in the cells. These avtrafej^ihg 
the chlorophylle obscure it. The brown matter u apparently' 
analogous to that found in all old ligneous tissues, snch as tiie 
old wood« &c. 

The chlorophylle is situated deeply in the structure oiAaieUi 
in the meaophyllum (§ 139.), and this distmguishes it fiom tdi 
the other colouring matters of plants. -? . 

450. The brightcolours of flowers are given by a matter ofa-wsr 
different character, always fluid and contained in cells sitoBlMd 
immediately beneath the epidermal layer. Many of the differsst 
shades (^ colour are given by the superposition of cells contaii- 
iag different-coloured matters; thus yellow seen through, veL 
f^pears orange, green showing through red rendons it •pparaBllf 
hrownish. The very deep tints are produced by the ohiBe aggte** 
gation of many cells lying one above another* The layer of 
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«|ridenntt or cuticle ($66.) of petals id colourless, and'^jr assu- 
iiiMig' a papillose stracture it gives them the peculiar velvct-M^ 
ehasacter they sometimes possess ; or when less developed aiid 
filled with cokiurless fluid, renders the surface glaucous or Crystal- 
Hue in its appearance. The predominating colours are yellcfw; 
oed and blue, with the various intermediate tints; sometiii^es 
these colours are converted one into another in the petal after 
&rtllizaJtioa (at which period the colours are brightest) . In maiiiy 
Boraginaceae the blue flowers become red ; in Myosotis versicoloir 
ike jredkiw flowers become blue, and in some Onagracese white 
fl«w«ra'tiim red. Many flowers have their colours bedimnied or 
i»felQ(ved>a8.they wither, especially the blue, which become most 
fn^qiiBBtly white; white flowers usually turn brown ; red colours 
fOBtitixn:^ persistent, and yellow is generally unaltered, except in 
oettapi icasesv such as Mektrnpffrum, and some other Scrophuht^ 
rianesk which are blackened. 

j.93l.i The chemical nature of these colours is still uncertam ; it 
is weUkncnra that the blues are reddened by acids, the reds 
twnted^blue^ green or even yellow by alkalies. Chemists have 
thfinde jsUpposed that the red colours are more highly oxidized 
iSiiAter» than the blue^ and taking chlorophylle as the starting^ 
pomt^tthfly-bafve deduced red colours by oxidation on one side> 
andnbhse by deoxidation on the other. 

'.ifi^TipiBrt also adopted chlorophylle as the base, but from his 
ex p crimq at s concluded that it became combined with water to 
foitm^e-baseof the yellow, which he called antkoxanthine ; a body 
which undergoes little alteration by the action of acids or alkalies 
inigenetaly but acquires a deep blue from the action of concen- 
ttutedi salphuric acid, according to his views, by the abstraction 
of its combined water. The blue matter anthocyane, obtained by 
renoving Ihe combined water from chlorophylle, is soluble in 
waibaaiv ireddened by acids and tamed green by alkalies. The 
gOMnis'the nenliul condition between the two colours. 

-Tbesa' theories however fail in one respect; the anatomtedl 
positidn. of the chlorophylle is different from that of the other 
oQlmnriDg' malters, and therefore, although these may be, and 
profasUy are, eiosely allied to chlorophylle in a chemical point oi 
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vidw> B8 in &et are all tke vegetable compounds, they nnwt hare 
an independent origin. 

BerzelioB believes that the red matter is a distinct snbataace, 
which be calls erythrophyUe. In the leaves also he has detected 
a fatty substance of a yellow colour, which he calls ^amikophyUe, 
which appears distinct from aiUhoxanihine, It is this subataoc^ 
he states, which, uniting with a matter rather blue than gieeo, m 
the chlorophylie, remains after the removal of that matter, and 
gives them their yellow colour. There are therefore probably 
several distinct compounds in the colouring matters of piants. 

452. The colours of wood appear to arise from chemical 
changes after the death of that part so far as physiological func- 
tions are concerned. The contact of air generally deepens the 
colour of wood. 

The action of the air upon the vegetable juices is ofteik very 
striking, changing their colour and even their chemical compo- 
sition. Thus the root of the Madder, the cells of which are £Ued 
with a yellowish juice, when wounded becomes reddened $ pme 
oxygen will not effect this — ^it requires the presence of a/queons 
vapour. Many of the large Fungi called Boleti, which are, natu- 
rally white, when wounded turn blue, green or black ; in ^le B. 
cyanewens a deep indigo. The colourless juice of JBiipp Aorto is 
rendered opake and white when exposed to air ; that of CMt- 
onium yellow. The tannic add (§ 28.) which many plants poa- 
tain probably affects the colour of structures considerably at 
periods long after they have completed their various vital fiiac- 
tions. 

Sect. III. Development op Light. 

453. On this subject little can be said with any certainty. A 
few cases appear to be supported by good authority. The daughter 
of Linneus observed flashes of light emitted by the flower, of 
TVopiBolum majus. Other cases are narrated, e. g, in the HeUim' 
ihMi atmuM, Calendula qfficinalis, Tageies paiula, ereeta^ (Enatkera 
macrocarpa, Phytolacca decandra. Arum maculatum (in oxy^ 
gas), Polyanthes tuberoaa. It is said to take place in the evening, 
when the air is very dry, and especially in yellow or Oii;«f^- 
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coloured flowers. The whole of these statements require farther 
confirmation. 

454. The phosphorescence of Rhtzwnorpha described by Hum- 
boldt^ and of an Oscillatoria by Meyen, very probably depended 
upon a process of decay. In decaying wood, decaying Fungi, &c., 
the phosphorescence is often evident enough. It appears to 
depend upon a gelatinous matter, which invests the phospho- 
rescent parts, and when dull the light may be revived by rubbing 
this. It is probably altogether dependent on chemical processes, 
which liberate phosphorus from its combinations. 

Sect. IV. Phjenomena of Motion. 

455. Movements of three kinds take place in vegetables : — 
1. Those caused by hygroscopic conditions in those parts of 
plants which have completed their development, and may be said 
to have lost their active vitality. 2. TTiose which occur from 
causes yet unknown in the living and perfectly healthy cellular 
tissue. 3. Those motions of the whole plant which are seen in 
the Oscillatoria, &c. 

455. The first kind is exhibited by a multitude of organs, 
ffhiefiy in the execution of some function connected with repro- 
duction, such as the bursting of spore-capsules, the dehiscence 
of anthers and of capsules, the separation of the carpels of the 
fruit in Euphorbiacese, Umbelliferse and Geraniacese, &c. ; also 
fn the twisting of the seta or peduncles of the capsules of Mosses, 
of the suspending processes by which the carpels of the Gerani- 
aceae are attached to the style, of the carpels of the ripe fruit of 
Impatiens, and the ejection of the contained fiuid and seeds from 
the fruit of Momordica elaterium from the hole where it becomes 
detached from its pedancle. All these cases appear to be the 
consequences either of — I. mere contraction of the tissue by 
drying; 2. the reaction in consequence of elasticity when the 
tissues have been over- distended by tiuid ; or 3. of the unequal 
density or size of the cells in different parts, which causes them 
to contract unequally when the contained fluids evaporate. 'Die 
contraction causes a twisting when the opposing tissue yields in a 
sufficient degree; when the tissue opposing the contraction is 
weak it gives way, and the membrane or other structure is torn. 
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457. Of the motions of the second kind we may distingaisa 
two classes — 1. the directions taken by oi^ans; and 2. the mo- 
tions of irritability. The influence of light upon the directions 
taken by organs is incontestable, but it does not i^pear to be the 
sole cause. Under all circumstances the terminal bud is directed 
upward and the radicle downward, except in parasitic plants, 
where the direction of the radicle is toward the centre of the body 
on which it grows. Some writers explain this by the peculiar 
conditions of the tissues, and Dutrochet has endeavoured to show 
that it results from the difference of the size of the cells, which 
causes peculiar conditions of endosmose. Thus, if a stem be 
composed of cells diminishing in size toward the centra all sides 
will tend to curve toward the centre, and vice versd; but im such 
a stem the tendencies balance one another. In the young stems 
which have an abundant pith, the cells diminish in size outward 
from the centre, and if the apex of the stem be split down the 
two sides will be recurved, from the tendency just described ; for 
the same reason, if the stem be placed in a more or leas herir 
zontal position, the force of endosmose will be weakened in the 
under side, and will cease to counteract the tendency to recurve 
of the upper side, so that the stem will be carved upward. In 
the root the arrangement of the cells is exactly opposite, causing a 
tendency to curve inward ; therefore a weakening of the force of 
the endosmose on the under side, when in the horizontal position* 
will cause the root to be curved downward. 

The upper faces, as they are called, of leaves always endeavour 
to turn upward when the position of a branch is reversed (even 
after the branch has been removed from the stem), by twisting 
on their petiole, and this takes place equally in water and in 
darkness. 

458. But that light has a considerable influence over the mo- 
tions of plants is evidenced by many cases of what has been called 
spontaneous activity, where the motions of certain leaves are 
clearly dependent on this agent. A great number of leaves altex 
their position during the day and night, and some exhibit this jpe* 
culiarity in a very striking degree. This is the phsenomenpA vd^iclx 
has been called " the sleep of plants," although it -evid^p/^ hjisi 
no analogy to that of animals. 
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Some leaves make a quarter of a revolution^ and then turn their 
ptints downward {Impatieruf noU'ine-tangere), others upwtird 
CAiHptex hortensis). Compound leaves exhibit this motion more 
extensively ; they may either move the petiole on the stem, the 
paiitial on the common petiole, or the leaflets on the rachis, or t^e 
Whole of these motions may occur together. The Leguminosse and 
Oxalidacese are especially remarkable for the manner in whidl 
tlie leaves become folded up. The leaflets fold up in the inverse 
order of their development, the youngest first, and as the whole 
leaf growd old the motion gradually ceases to be produced. 

Light also acts upon the flowers in a similar manner. Some 
flowers open^at certain times in the day, others during the night, 
btit'&e alternations are not often many times repeated. Very 
ftiequently the flowers open in the morning, close in the evening, 
a'tid open no more ; others will repeat their changes for some 
daVs. ' Variations in the degree of light affect the time of opening 
in the day, some only expanding in bright weather, as the Ana- 
ff'altis arvensis, which also appears to be afiected by the humidity 
ofth^air. 

459. Among the movements which are not periodical may be 
mentioned those of Mimosa sensitiva and other species, which 
immediately result on contact with any foreign body ; of Oxalis 
:^irgcta and comieulata, which fold up after a succession o. 
light i^okes ; even the leaflets of Rohinia pseudo-acacia exhibit 
the same folding which takes place at night, if they are violently 
shaken for some time. DioruBa Muscipula, the Venus's Flytrap, 
WHich has long stiff hairs upon its leaves, exhibits a peculiar 
irritability. When an insect or any foreign body falls upon tne 
leaf, it instantly folds up along the mid-nerve» and the hairs cross 
so as to enclose the object within them. 

460. Desmodium gyrans and gyroides exhibit a movement which 
appears to be independent of external agents. The leaves of D. 
gyraris are composed of three leaflets, and the large terminal one is 
only subject to the changes taking place night and morning ; the 
other two, very small, manifest continual activity in hot weatiber, 
rising and falling alternately, the point of each thus describing an 
ard'df a circle, the mid-nerves of both always remaining in one 
\\ii^\ Hiis motion does not depend at all upon light, goes on day 
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and mght* and is only rendered more active by heatattda-more 
vigoroas condition of liie plant in general. 

461. Certain moyements occnr in the essential organs of vege- 
tation^ for the purpose of bringing the pollen in contact wkb the 
stigma. The stamens frequently curve toward the sterna* usually 
following the order of their arrangement upon the reoepfeatle ; 
thus in Buia, where there are two whorls, the outer carve in first 
In Pamaggia the five stamens incline inward one after aikotiier, 
touch the stigma, and return to their former position ; in Saxi- 
fraga tfidactylites they curve in in pairs. Sometimes the styles 
curve toward the immoveable stamens, as in Passijiora, JNigeUa 
sativa, some Onagracese and CacH. In some Onagracese and 
Malvaces both stamens and styles move. 

462. External agency will sometimes produce these motions. 
The filaments of Parietaria move when touched, and the anthers 
immediately burst. If in Berberis vulgaris the base of the fila- 
ment is lightly touched, the stamen springs rapidly inward, 
applies its anther on the stigma, and then slowly returns to its 
place. HeliatUhemum vtdgare and other Cistacese exhibit a motion 
of the stamens when they are touched and the anthers burst at 
the same time ; the anthers here curve outwards. In the Lobe- 
lias, Gratiola and the Gentians, the stigmas move when touched ; 
and in some of the Bignonias, the two lobes which are spread out 
at the opening of the flower, contract. The stigma of BuelUa 
amsophylla is usually curved ; when touched it erects itself, curves 
in the opposite direction, and comes in contact with the hairs of 
the corolla upon which the pollen has been scattered. In Styli- 
dium the filaments adhere to the style, forming a kind of column, 
bent out from the flower, which suddenly rises up when the cur- 
vature is touched. 

These movements are frequently produced in nature by the 
action of insects or the agitation caused by wind ; but in some 
instances, as in StyUdium, they occur spontaneously in the middle 
of very hot days, then usually taking place more slowly. 

463. The third kind of motion is equally inexplicable with 
the second. The Oscillatoria, a genus of Algs, are filaments 
composed of ceils attached end to end, filled with green matter 
and various fluid and granular matters. During their whole life 
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eMdi fUament exhibits a threefold moremeiit. The poiixt describes 
a small alternating curve, the anterior half a half-elastic^ pendu- 
lona bending backward and forward, and the whole gradoally 
advances. Sometimes these movements occur singly, sometimes 
simultaneously. 

This kind of motion is clearly analogous to that of the spores 
of the lower Algse ($ 216.) > which was referred to in an earlier 
part of this volume, and is not at all understood. 
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PLATE I. 

Fig. 1. Terminal portion of a hair of a stamen of Ttadescantia 
virginica, showing the process of celUmultiplication by the divi. 
sion of the primordial utricle, and the formation of septa. 

Fig. 2. An older portion of a similar hair ; the cells have ex- 
panded into a spherical form. The primordial utricles enclosing 
the nuclei are detached from the cell-walls by tincture of iodine, 
and are seen to be continuous through the as yet incomplete 
septa. 

Fig. 3. A single cell from the same hair, unaltered by re-agents ; 
the nucleus is the centre of radiating mucilaginous threads, along 
the course of which at an earlier period a circulation of granules 
takes place. 

Fig. 4. Transverse section of the stem of Tradeacantia vir- 
ginica, treated with tincture of iodine. The remains of the pri- 
mordial utricles are seen with the nuclei (a) and also new muci- 
laginous utricles, probably destined to the production of starch. 

Fig. 5. The same ; the remains of the primordial utricle more 
perfect. 

Fig. 6. The same ; the new (starch ?) utricles more developed. 

D 
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Pig. 7* Longitudinal section of the same, also treated with 
iodine, showing the primordial utricle and permanent nucleus. 

Fig. 8. CMorococcuB vulgaris, in various stages. This plant, 
consisting of a single cell, multiplies hy division into four, which 
is effected by the formation of septa, as in fig. 1. The new cells 
are at first segments, but acquire a somewhat globular form before 
becoming detached from one another. 

Fig. 9. Liber cells of Junipertu communis. The transverse 
section, which had been kept some time in spirit, shows the de- 
tached primordial utricles. 

Fig. 10. Transverse section of the cambium layer of the same 
plant ; the youngest cells, to which the power of reproduction is 
confined, retain their primordial utricles. (They have fallen out 
of some of the ceUs in making the section.) 

Fig. 11. Very young spore-cell of a Truffle (Tuber cibarium) in 
water. 

Fig. 12. Ditto; these two figures illustrate the formation of 
cavities in the mucilage, by means of which, according to Mohl, 
the latter becomes excavated until it is left as a network around 
and among the cavities. 

Fig. 13. Epidermis of Orchis fusea, kept in spirit ; the primor- 
dial utricles and nuclei are seen in all the cells. 

Fig. 14. Articulations of Cot^erva — ? exhibiting the process 
of division which takes place in alternate joints, h exhibits a cell 
in a natural condition ; a, the same, treated with iodine ; e and d 
are joints with septa, which appeared complete until the primor- 
dial utricle was rendered visible by iodine and seen to be con* 
tinuous through the septa; e, another portion, treated with 
iodine. 

Fig .15. Potato-starch, a, a large granule, exhibiting the nucleus 
or hilum and concentric striee ; long diameter 3^, short diameter 
if^^th of an inch ; b, a small granule apparently undergoing di- 
vision ; a nucleus is seen at each end ; c, a granule, coloured by 
iodine and burst by heating ; d, a granule burst by heating in 
water. 

Fig. 16. Starch from Crocus aureus, a, granules connected in 
fours ; long diameter of the left-hand group T^^nr^^ ^^ ^^ ii^ch ; b, a 
larger granule, exhibiting a nucleus ; long diameter T^th of an 
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iDch ; c, a granule apparently undergoing division ; long diameter 
TsW^^ of an inch. 

Fig. 17. Cells from the stem of LUium candidum, with nuclei and 
newly-formed chlorophylle granules, which were coloured blue 
by iodine, a shows the nucleus distinct from the graaules ; in 
b the nucleus is surrounded by a ring of them in the upper cell 
and enveloped by them in the lower ; in c they are similarly dis- 
posed. An appearance like this probably led K. Muller to sup- 
pose that the nucleus was converted into starch granules. 

Fig. 18. Chlorophylle granules from the same. They acquired 
a bright blue colour by the addition of iodine. 

Fig. 19. Cellular tissue from a macerated stem of HyacinthuB 
orientalia. 

Fig. 20. Spiral cell from the testa of the seed of Cobaa tcan- 
dens. 

Fig. 21. A portion from the end of the same, showing the 
spiral fibre unrolling (it is adherent to the membrane, which is 
torn). 

Fig. 22. An elater from the capsule of Jungermannia dilatata, 
consisting of a cell enclosing an elastic spiral band. 

Fig. 23. Spiral cell from the seed of Salvia ? (purple- 
topped Clary). The fibre is not adherent to the membrane, and 
both are pressed close to the testa until the gummy matter by 
which they are held down is dissolved by water ; the elasticity of 
fibre then causes the cell to spring out. (A similar phaenomenon 
occurs in the seeds of Collomia and other Polemoniaces and La- 
biatse, &c.) 

Fig. 24. Prosenchymatous cells — ^wood-cells of a Caehu in 
longitudinal section ; the pores of communication between the 
cells are distinctly visible in the walls. 

Fig. 25. Parenchyma from the stem of the same Cactus ; the 
pores are seen perpendicularly, and in section in the walls. 

Fig. 26. Spiral cells from Sphagnum. The large cells con- 
taining the spiral fibres are divided from each other by smaller 
ones containing chlorophylle granules. 

Fig. 27. Vertical section of the stem of a Cactus, a, epidermis- 
cells with thickened upper walls; b, tabular cells beneath; 
c, parenchyma of the stem. 

d2 
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Fig. 28. Parenchyma of the leaf of Hoya camosa. 

Fig. 29. Horizontal section of thick-walled cells, from the 

epidermis of the seed of & Lupimts, 

Fig. 30. Horizontal section of thick- walled cellular tissue of 

a young onion {AlUvm Cepa), boiled and treated with iodine. 
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PLATE 11. 



¥lg. 1. Starch granules from Vallisneria spiralis, a, granules 
within an utricle ; b, granule dividing ; c, large granule exhibiting 
stris; d, ditto burst by heat; e, burst by boiling in water. 
iE. J, Quekett in the Physiological Journal, No. 3, 1844.) 

Fig. 2. Development of starch, a, cellules with homogeneous 
mucilage; b, with granular mucilage ; c, d,e, with granular muci- 
lage and young starch globules ; f, with two starch globules and 
a clear fluid ; g, h, with two starch granules which fill the cell, 
seen from different sides ; t, a cell which has burst and allowed 
the granules to escape ; k, I, with several starch granules ; m, n, 
clusters of stardi granules, the enclosing cellules of which have 
become dissolved. {N'ageli, Memoir on Cattkrpa prol\fera ; 
Schleiden and Nageli's Zeitschr. furwiss. Botanik, Heft 1. 1844, 
tab. 3. p. 167.) 

Fig. 3. Cytoblasts. a, cell forming from cytoblast, from the 
embryo-sac of ChamtBdorea Schiedeana, 

Fig. 4. Cell from the punctum vegetationis of Gasteria racemosa, 
two newly-formed cells with nuclei (cytoblasts) in the original cell. 

Fig. 5. A very young leaf of Crassula portulacca ; the five cells 
composing it are still surrounded by the original cell. 

Fig. 6. Portion of the pollen-tube become cellular in Orchis 
latifolia in the highest stage of development. The cytoblast is 
included in the wall of the cell. (Figs. 3-6 are from Schleiden* s 
Beitrage zur Botanik, tab. 6. Leipzig, 1844.) 

Figs. 7, 8. Cells with cytoblasts (from ScMeiden's Grundzuge 
der wiss. Botanik, tab. 1. 2nd ed. 1845). 

Fig. 9. Conferva ghmerata, a, primordial utricle folding in- 
ward; b, septum fully formed. 

Fig. 10. A septum in course of formation, treated with acid. 
o, primordial utricle folding inward ; b, mucilaginous contents ; 
c, cell-membrane of many layers ; d, outer gelatinous investment 
of the fibres. »• 

Fig. 11. The same in a natural condition ; the letters refer to 
the same. 

Fig. 12. A septum in a more advanced stage : a, the septum 
yet incomplete, as is seen by the continuity of the primordial 
utricle. d 5 



n DtsoBimov ov the plates. 

Fig. 13. Another example ; the chlorophyUe is seen arranged 
in a reticulated manner in the interior of the mucilaginoiia pri- 
mordial utricle. 

Fig. 14. Perfect septum treated with iodine, a, gelatinous 
layer ; h, point where the primordial utricle turns inward ; e. 
septum of cellular membrane ; d, primordial utricle detached from 
the cell-membrane. 

Fig. 15. Perfect septum from an old cell treated with acid. 

a, septum formed of many layers of cell-membrane ; b, original 
cell-membrane (c in figure 10) ; e, gelatinous layer ; d, inter- 
cellular space. 

(Figs. 9-15. From Mohl on the multiplication of cells 
by division (Ueber der Vermehrung der PfiamenzeOeu 
dwrch 7%eilung), Verm. Schrift. p. 362. tab. 13.) 

Fig. 16. (Terminating spore of PadfiMiPaoofMa. a, with granular 
contents and two nuclei ; b, with a septum formed between the 
two nuclei, which are obscured by the granules lying upon tiiem. 

Fig. 17. Terminal joint of a filament of Cottferva gUjmeraU 
(from the sea), a, cell-membrane of the original cell ; &, decaying 
contents, separated from the membrane and in course of solution ; 
c, newly-formed membrane which has been produced on the sur- 
face of the living contents d. The latter are bounded by a mu- 
cilaginous layer e, which was at first in contact with the mem- 
brane c, but is now detached and retracted from it by the oidos- 
mose of the water fused in the investigation. 

Fig. 1 8 . Apex of the stem of Sphaeelaria scoparia, a, compress- 
ed lenticular apical cell, pushed aside, fuU of dark granules; 

b, second cell, which subsequently becomes the terminal cell by 
overgrowing the cell a ; it has dark granular contents, in its 
lower portion a transparent network of mucilage ; e and d, two 
cells densely filled with granules which have been produced by a 
cell like a ; e, second joint of the axis (it is the lower portion of 
a cell like b, divided into two by a horizontal wall) ; it has a 
mucilaginous network over the whole surface and in the whole 
cavity ; in the centre is a longish heap of granules which pass 
first into short thick radiating threads, and further off lose 
themselves in the reticulated circulation. 

Fig. 19. Point of the stem of the same without the terminal 
joint, a, second articulation of the filament ; it is the same cell 
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as e in fig. 18 ; the contents are in a similar condition, except 
that the heap of grannies has divided into two of half the size. 
Between these, a septum is subsequently formed ; b and e repre- 
sent together the third articulation, and have been formed by the 
division of a parent-cell like o. The central nucleus has already 
divided into two lying on the same plane ; between these a per- 
pendicular wall is afterwards produced. 

(Figs. 16-19 are from NdgeU'a Memoir on cell-forma- 
tion (ZeUenkeme, ZeUeMldung vnd ZeUemoacluthum 
M den Pflanzen), Schleiden and Nageli's Zeitschrift 
fur vidss. Botanik, Heft 1. 1844. tab. 1 and 2.) 

Fig. 20. SteUate cellular tissue from a septum of an air-canal 
in Aponogeton dtatachgon. a, in a young condition ; b, fully- 
formed cells. In a the septa between the cells are thicker than 
the remainder of their walls. (From Schleiden s Grundziige der 
Botanik, 2nd ed.) 

Fig. 21. Dotted vessel from Cucurbita pepo in longitudinal 
section ; filled with young starch cells. 

Fig. 22. Cross section of ditto. The cells exhibit nuclei and 
circulation threads. 

Fig. 23. Transverse section of Vitis vittfera, treated vrith 
potash ; showing the utricle growing through the pore into the 
vessel. 

F^. 24. Transverse section of the innermost wood-ring of a 
four-years-old stem of the Vine. The large porous vessel is filled 
with cells containing starch granules. 

(Figs. 21-24. From Botanische Zeitung, vol. iii. tab. 2.) 

Fig. 25. Zoospores of Algae, a andc. Conferva rwularie; b, 
Chatophora eleganavai. pUiformis i d,Prol\ferarivulari8i e. Van- 
cheria clavata. (From 7%ur€t'8 Figures, Ann. des Sc. Nat. 2nde 
s^rie, tom. 19. tab. 10, 11.) 

Fig. 26. Perpendicular section through the germ-frond of 
Aaplenium disaectum, a, cells of the frond ; 5, b, organs pro- 
ducing spiral fibres. 

Fig. 27. Spiral fibres (spermatozoa ?) bursting from the cells. 
(Schleiden and Nageli's Zeitschrift, tab. 4.) 

Fig. 28. Chara hispida. Anthf ridia : a, b, c and d, strings of 
cells showing the development of the spiral fibres ; e, spiral fibres 
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(spermatozoa?) ; the upper perfect, the others treated with nitric 
acid. (Botanische Zeitung, iii. tab. 1.) 

Fig. 29. Polytrickiim commune. Ceils of the antheridia con- 
taining the spiral fibres (Unger). 

Fig. 30. Upper part of a hair from the fornix of the corolla of 
Anehuia itaUca, with wart-like thickenings on its exterior. 

Fig. 31. o, one of these protuberances seen from above; b 
and e, in longitudinal section ; d, in cross section {Sehleiden), 

Fig. 32. Upper part of an elongated cell from the pistil of 
Cereua phyllanthoides, with wart-like protuberances projecting in 
its interior (Schleiden), 

Fig. 33. A cell from a berry of Symphoriearpos racemota with 
cytoblast and branched, reticular circulation ; the arrows denote 
the direction of the current (Schleiden). 

Fig. 34. Wall of an old ligneous cell, with secondary layers 
and anastomosing canals of the pores (Schleiden). 

Figs. 35-40. Development of stomates in Narciseus JonqwUa, 
35. Epidermis ; at the upper part is seen a four-sided intercel- 
lular space, with the outline of a cell appearing behind on a 
different plane ; below are cells of the same kind, in focus, with 
nucleus and radiating filaments. 36. Ooe of the cells divided 
into two. 37. The same more advanced. 38. Ditto; the septa 
slightly separated. 39* A later stage. 40. Perfect stomate. 

Fig. 41. Portion of epidermis from the under surface of a leaf 
of Hellehorua fcetidue, with stomate. 

Fig. 42. Vertical section of ditto. 

Fig. 43. Epidermis of Hakea florida, with the opening lead- 
ing to a stomate. 

Fig. 44. Vertical section of the epidermis of Protea melaleuca, 
showing the stomate. 

Fig. 45. Ditto of Agave lurida. 

Fig. 46. Vertical section of a frond of Marchantia cornea, with 
the cavity representing a stomate. 

Fig. 47* Vertical section of the epidermis of Leucadendron 
decorum. 

Fig. 48. Ditto of Hakea aaligna. 

(Figs. 35-48, from MoKL, Verm. Schrift. tab. 4, 7, 8.) 
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PLATE III. 

Figs. I, 2 and 3. Spiral and annular vessels from the stem of 
a young Onion. 

Fig. 4. Spiral vessel with several threads from the Garden 
Balsam. 

Fig. 5. Reticulated vessel from ditto, showing that the cross 
fibres were not formed contemporaneously with the spiral. 

Fig. 6. Portion of a scalariform vessel from Polypodium mil- 
gare. 

Fig. 7* Porous cells from common deal wood, showing the pe- 
culiar dots. 

Fig. 8. The same, seen in section ; showing the hollow spaces 
between the dots of contiguous cells, and the canals of the dots. 

Fig. 9. Ligneous cells of Yew {Taxu8 baccata), showing the dots 
in section ; with spiral fibres. 

Fig. 10. The same, at a right angle to the last section, showing 
the dots in plan. 

Fig. 11. Portion of a decayed scalariform vessel from the pe- 
tiole of a Tree Fern ; the membrane closing the pores has been 
absorbed. 

Fig. 12. Portion of a reticulated vessel from the Garden Bal- 
sam ; formed of three cells which have anastomosed. 

Fig. 13. Ligneous cells of a Cactus, showing the conversion of 
spiral into porous cells. 

Fig. 14. Ligneous cell of the Lime (Tilia ?). a, with dots 

alone ; h, with dots and spiral fibre. 

Fig. 15. Ligneous cell of Clematis vitalba, with bordered pores. 

Fig. 16. Ditto ; at the lower part on the right hand the outer 
layers of the cell have been removed in the section, by which 
the slit-like internal apertures of the pores are distinctly percep- 
tible. 

Fig. 17. Ligneous cell of Aravcaria imbricata, with dots. 

Fig. IS. Ditto, in section at right angles. 

Fig. 19. Ditto, with more than one row of dots. 
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Fig. 20. Vascular bundle of a Monocotyledon ilAUmm andi- 
dmm), in horizontal section. 

Fig. 21. The same in vertical section, a, parench3rma ; b and 
e, elongated thick-walled cells (pasa propria), resembling the liber 
cells of Dicotyledons ; d, annnlar, spiral and reticulated vessels. 

Fig. 22. Vascular bundle of an Acotyledon {Poiypodium vul- 
gore, rhizoma), in horizontal section. 

Fig. 23. The same in vertical section, a, parenchyma; b, 
scalariform vessels ; e, va»a pntpria of Mohl. 

Fig. 24. Vascular bundle of a Dicotyledon {Rota etmina). a, 
bark cells ; b, liber cells ; e, cambium layer ; d, porous vesseb or 
ducts ; e, spiral vessel ; f, pith. 

Fig. 25. Milk-vessels from the root of Leontodon ianutacvm. 

Fig. 26. Horizontal section of the bark of Ivy. a, cambium 
layer ; b, bundle of liber cells ; c, cells of the bark. 

Fig. 27. Vertical section of a liber cell of Ivy, with bark cells 
surrounding it. 

Fig. 28. Horizontal section of an old liber cell, showing the 
secondary deposits. 

Fig. 29* Horizontal section of a piece of the pith of Ivy, with 
cells like liber cells {basUzellen). 

Fig. 30. Horizontal section of old ligneous cells of Beech, 
showing the cavities almost obliterated by secondary deposits. 
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PLATE IV. 

Fig. 1. Spongy cellular tissue from the stem of ^rum nuLCula- 
ium. 

Fig. 2. Filamentous cells {tela fibrosa) from a Truffle {Tuber 
cibarium). 

Fig. 3. Epidermis of petal of Narcissus pseudo-narcissus, seen 
from above. 

Fig. 4. Vertical section of ditto ; the lower cells are the par- 
enchyma, containing fluid colouring matter. 

Fig. 5. Vertical section of cork. 

Fig. 6. Horizontal section of ditto. 

Fig. 7* Cells of Arum maculatum, with a bundle of raphides. 

Fig. 8. Cells from the base of the stem of a young Onion, con- 
taining bundles of crystals. 

Fig. 9* Vertical section of the epithelium of the ovule of ^rum 
maculatum ; cells with nuclei. 

Fig. 10. Ditto, older ; cells with thickened outer walls. 

fig. 1 1 . Thick- walled cells from the base of the stem of a young 
Onion boiled in water. 

Fig. 12. Cells of Vallisneria spiralis, showing the circulation 
of the cblorophylle granules and nuclei ; the arrows indicate the 
direction of the currents. 

Fig. 13. Milk-vessel o( Limnocharis Humboldtii (Schleiden). 

Fig. 14. Spiral cell from the wood of MammUlaria quadri^ 
spina ; the fibre is broad and flat, and in contact with the cell- 
wall by its edge {Schleiden), 

Fig. 15. Epidermis of the seed of Lupimts CrooJcshankii ; seen 
from above. 

Fig. 16. Vertical section of the same, showing the thick- walled 
epidermis-cells. 

Fig. 17- Section of the epidermis of the leaf of Hoya camosa, 
showing that the thickening layers of the cuticle are internal to 
the cell-wall. 

Fig. 18. Section of a stomate of the flowering stem of ATarcM- 
sus psendo -narcissus, with subjacent parenchyma. 



XU DBSCaiFTION OF THB PLATES. 

Fig. 19- Horizontal section of the same at a. 

Fig. 20. Ditto at b. 

Fig. 21. Vertical section of part of a leaf of Ficus elastica, 
showing the stalked bundle of crystals (Meyen's ^ttmmt keule). 

Fig. 22. Glandular hair from JVigandia urens {Schleiden), 

Fig. 23. Hair of the calyx of Pelargonium ? 

Fig. 24. Sting of Urtica iirefu. 

Fig. 25. Hairs from the stigma of Campanula, a, retracted ; 
h, with circulation {Schleiden), 

Fig. 26. Section of epidermis of FicuM carica, with base of a 
hair {Schleiden), 

Fig. 27. Stellate hair from the leaf of Ivy. 
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PLATE V. 

Fig. 1. Filamentous Thallus of Hygrocrocia, a, natural size; 
b, a portion magnified {Biawletto). 

Fig. 2. Filament of Cladophora (HasiaU). 
Fig. 3. a. Branch of Chora ; b, a portion magnified. 
Fig. 4. A cell of Chora, representing the circulation of the glo- 
bules in the direction indicated by the arrows (Varkf/), 

Fig. 5. Vertical section of Jkibercularia vulgaris, a, the floc- 
culent Thallus. 

Fig. 6. Flocculent Thallus of Mucor. 

Fig. 7- a, Coniocybe furfuracea i b, portion of the pulverulent 
Thallus magnified {Schnizlein). 

Fig. 8. a. Portion of the membranous Thallus of Ulva, exhi- 
biting the cells ; b, a vertical section of the same. 
Fig. 9. Thallus of ParmeUa. 
Fig. 10. Fruticulose Thallus of Evemia. 
Fig. 11. Vertical section of the frondose Thallus of a Lichen, 
showing the three layers of tissue. 

Fig. 12. Germination of JVeiasia lanceolata. a, b, conferva- 
ceous filament developed from the spore ; c, a more advanced 
example, ifvith the primordial leaves ; I, leaves ; 8, stem ; r, ra- 
dicle fibres {Bischoff), 

Fig. 13. Monocotyledonous embryo of Potamogeton. r, radicle ; 
g, gemmule ; c, cotyledon enclosing the stem at s. 

Fig. 14. Germination of ZantdcheUia. r, radicle bursting 
through the sheath or coleorhiza ; s, stem ; c, cotyledon ; g, the 
plumule (Jumeu), 
Fig.. 15. Dicotyledonous embryo of Br assica. 
Fig. 16. Section of the seed of Berberis, e, embryo. 
Fig. 17. Polycotyledonous embryo of Pvmu. 
Figs. 18, 19. Germination of Sinapis. r, radicle ; 9, stem ; 
g, gemmule or plumule. 

Fig. 20. Diagram of a monocotyledonous phyton. a, foliar 
merithal ; b, cauline ; c, radicular ; e, a second phyton deve- 
loping in the axil. 

Fig. 21. Diagram of a pair of dicotyledonous phytons ; the 
letters have the same signification as in the preceding figure. 
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Fig. 22. Diagram of the superpoaition of phytons in an acoty- 
ledonous plant, a, b, c, d, e, ] st, 2nd, 3rd, 4th and 5th phytons, 
whose vascular bundles, represented by the black central line, 
are applied directly upon one another. 

Fig. 23. Diagram of the distribution of the fibres in the base 
of the bulb or stem of an herbaceous monocotyledon. The 
dotted lines represent the ascending portion of each fibre going 
to a leaf, the black lines the descending portion going to a root. 

Fig. 24. The distribution in a Palm stem. 

Fig. 25. Ditto in Dractena. 

Fig. 26. Ditto in a Grass ; some of the fibres cross at the dia- 
phragms and descend on the opposite side. 

Fig. 27. Diagram of the relations of the annular layers of 
wood in a dicotyledon, a, coUum or point of junction of the stem 
and root. 

Fig. 28. Transverse section of the stem of a Moss. 

Fig. 29. Ditto of a Marniea, 

Fig. 30. Ditto of Lycopodium» 

Fig. 31. Ditto of a Fern ; the shaded portions represent the 
fibro-vascular bundles. 

Fig. 32. Bifurcation of a branching Fern in vertical section. 

Fig. 33. Transverse section of a monocotyledonous stem 
having a dense cortical layer ; the dots represent the ends of the 
fibro-vascular bundles. 

Fig. 34. Vertical section of the same; the bundles forming 
arcs interlacing with each other and sometimes crossing to the 
opposite side of the stem. 
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PLATE VI. 

Fig. 1. Diagram of a very young dicotyledonous stem, in 
transverse section ; the shaded portions represent the woody 
bundles. 

Fig. 2. The same at a more advanced period, a, the medul- 
lary parenchyma $ i, fibro- vascular bundles ; c, cellular envelope 
continuous with the pith by the medullary rays ; d, suberous 
iayor with epidermis^ 

Fig. 3. Diagram of the extremities of a dicotyledon in vertical 
aection* a« the apex $ b, the base ; a, the parenchyma ; b, the 
ligneous portion open above and closed below. 

Fig, 4. Portion of the stem of a yearling shoot of the Rose, ex- 
hibiting a transverse and vertical section, a, pith ; 6, medullary 
sheath of spiral vessels ; e, the wood composed of parenchyma- 
tous cells with dotted ducts intermixed; d, cambium layer; 
€, bundles of the liber ; f, cellular envelope ; g^ suberous layer 
clothed with epidermis* some of the cells of which are developed 
into hair-like processes. 

Fig. 5 . Transverse section of a two- year-old shoot of the Rose. 
<i> pith ; b, medullary sheath ; c, first year's layer of wood ; d, 
second year's layer ; e, cambium layer ; /, liber bundles ; g, cel- 
lular envelope ; h, suberous layer. The primary medullary rays 
are seen to extend through both layers of wood ; the secondary 
only through the outer. They are all continuous with the cel- 
lular envelope, and divide the Uber into bundles corresponding to 
the bundles of the wood. 

Fig, 6. An old dicotyledonous stem with many annual rings 
and medullary rays of corresponding extent. 

Fig. 7. Tangental section through the bark of Daphne Laureola 
exhibiting the network formed by the liber bundles a, in the 
interstices of which appear the aids of the medullary rays b 
iJu88ieu)» 

Fig. 8. Tuberous root of the Turnip. 

Fig. 9. Ditto of PelargofUuM triate (Jusaieu), 

Fig. 10. Ditto of Parsnip. 

Fig. 11. Root of an Orchis with tubers. 
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Fig. 12. Germinatiiig grain of Wheat, s, stem or plamule ; 
e, e, eoUorhum or root-sheaths ; r 1, primary radicle ; r 2, r 2, 
secondary radicles (JiMnea). 

Fig. 13. Tap root with radicle fibres. 

Fig. 14. Souche or root of CordyUne auairaUs (Aftr6e2). 

Fig. 15. Vertical section of the leaf of the Balsam, a, epider- 
mis of the upper surface ; b, of the lower surface ; e, diachyma, 
containing chlorophylle ; d, stomate opening into a lacuna {Jut- 
iieu). 

Fig. 16. Strip of the epidermis of the lower sur&ce of the same 
leaf, a, the reticulation marks the situation where the diachyma 
is in contact with the epidermis ; b, an areola with stomate, cor- 
responding to a lacuna (Juasieu). 

Fig. 17. Vertical section of a submerged leaf of Poiamogeton 
peffoUahm, with air-cavities {Jtusieu), 

Fig. 18. Vertical section through the insertion of a leaf, a, 
marks the articulation where the petiole afterwards separates 
from the stem ; b, bundle containing spiral vessels continuous 
with the medullary sheath ; e, cellular and ligneous bundle con- 
tinuous with the liber. 

Fig. 19. Leaf of a Po^miiiiii. I, lamina ; p, petiole ; 9, sti- 
pules taking the form of a sheath or oekrea. 

Fig. 20. Acicular leaf of a Pine. 

Fig. 21. An entire, pinninerved leaf. 

Fig. 22. A peltate leaf. 

Fig. 23. Leaf of a monocotyledon {LUiwm) with paralld 
nerves. 

Fig. 24. Dentate leaf. 

Fig. 25. Crenate leaf. 

Fig. 26. Serrate leaf. 
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PLATE VII. 

Figs. 1 — 8. Forms of leaves. 

Fig. 1. Pinnatifid. 

fig. 2. Pinnatipartite. 

Fig. 3. Pinnatisect. 

Fig. 4. Palmisect. 

Fig. 5. Pinnate. 
. Fig. 6. Bi-pinnatifid. 

Fig. 7* Bi-serrate. 

Fig. 8. Tri-pinoate. 

Fig. 9* Bi-pinnate leaf of an Acacia, abruptly pinnate in the 
first liivision. The petiole, b, has the form which is called a 
phyllode ; the second rachides or petioiales have pinnules which 
are impari-pinnate. 

Fig. 10. Compound leaf of Lathyrua lat\foUus, The ])etiole 
is winged* and terminates in a tendril, replacing a pinnule. 

Fig. 11. Leaf of DumtBa. a, the expanded petiole; h, the 
lamina (Gray). 

Fig. 12. Pitcher formed by the petiole of Sarracenia {Si, Hi- 
laire). 

Fig. 13. Pitcher of Nepenthes, a, petiole ; h, lamina iSt. HU 
laire). 

Fig. 14. Pitcher of Heliampkora (Gray), 

Fig. 15. Perfoliate leaf of Bupleurum, 

fig. 16. Connate leaves of Craeeula petfoUata (St, Hilaire), 

Fig. 17* Leaf of a Grass, a, ligule ; h, vagina ; c, lamina. 

Fig. 18. Petiolar stipules of the Rose. 

Fig. 19. Foliaceous stipules of Salix aurita (Juaeieu). 

Fig. 20. Axillary stipule of Potamogeton natana (St, Hilaire), 

Fig. 21. Opposite stipule of Aitragalua Onohryckia (Jttaaieu), 
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Fig. 22. Ochraceous stipules of a Polygonum. 

Fig. 23. Sheathing stipules of Spermococe rt^nrum, formed by 
the coherence of all the stipules and the bases of the petioles 
{St. Hilaire). 

Fig. 24. Interpetiolar stipules of Cephalanthua occidentalia. 
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PLATE VIII. 

Fig. I . Leaf of Lathyrus gylvestria ; the last three pinnules 
appearing as tendrils. 

Fig. 2. Leaf of Mutma runeinata ; the midrib continued be* 
yond the lamina and forming a tendril (Endlicher and linger). 

Fig. 3. Part of a leaf of Carduus lanceolattu; the nerves pro- 
duced into spines. 

Fig. 4. Base of the petiole of Robinia paeudo-aeacia with spi- 
nose stipules. 

Fig. 5. Fasciculus of leaves on the Larch. 

Fig. 6. Terminal and axillary buds. 

Fig. 7. Section of the petiole of the Plane, showing the bud 
enclosed in it (St. Hilaire). 

Fig. 8. Petiolate bud of the Alder (St. Hilaire). 

Fig. 9. Accessory buds of Lonicer a tatarica (Jusaieu), 

Fig. 10. End of a leaf of Makueis paludosa, covered with buU 
bels (Jmsieu). 

Fig. 11. Adventitious buds on the lamina of the leaf of Ornt- 
thogcdum thyraoideum (Juaaieu), 

Fig. 12. Section of a nodule or embryo-bud in the bark of the 
Cedar (Jte^eie). 

Fig. 13. Stem of Lilium bulbtferum with bnlbels in the axils 
of the leaves. . 

Fig. 14. Vernation of leaves, a, reclinate ; h, conduplicate ; 
c, plicate ; d, convolute ; e, involute ; f, revolute ; g, circinnate. 
Figs, a and g are in vertical section, the rest in transverse. 

Fig. 15. Vernation of leaves in combination, as seen in trans* 
verse sections of buds, a, valvate ; b, c, imbricate ; d, indupli- 
cate; e, equitant; /, half-equitant. In all these figures the 
round spot indicates the stem, showing the relative position of 
the organs. 

Fig. 16. A rhizoma. a, a, a, a, the points of ori^ of flower* 
ing-stems. 
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Fig. 17. a, A tuaicated bulb ; h, section of a tanicated bulb. 

Fig. 18. An imbricated bulb. 

Fig. 19. a. Section of the corm or solid bulb of CroemM ; h, Corm 
of Colchicnm. 

Fig. 20. A taber. 

Fig. 21. Part of a Strawberry plant, showing the growth by 
lateral devdopment. Roots and leaves are developed at intervals 
in the axils of mdimentary leaves. In the middle of the Jioffel- 
lum or ranner is seen a rudimentary leaf, from which no othen 
are developed. 
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PLATE IX. 

Fig. 1. Nosioc ; a, N. commune with the gelatinous investment ; 
b, development of N, verrucosum {Thuref), 

Fig. 2. a, development of Diaioma (Ndgeli) ; b, Diatomafloc- 
culoaa (Kutzing). 

Fig. 3. a. Conferva Linum {Schnitzlein) ; b, cell -division in C. 
bombycina (Niigeli). 

Fig. 4. a, Vaucheria clavata (Bischoff) ; b, formation of the 
spore; c, discharge of ditto; d, germination {Tkuret). 

Fig. 6. Prolifera {Vesiculifera) ; a, portion of a filament vf'xth. 
spores; b, discharge of spore {HaasaU). 

Fig. 6. Zygnema quininum (Schleiden). 

Fig. 7. Achlya proltfera ; a, b, development of spores ; c, dis- 
charge of ditto {linger). 

Fig. 8. a, magnified portion of Uha; b, arrangement of the 
granules in U. furfuracea, according to Greville. 

Fig. 9. Fructification of Ctenodus Billiardierii ; a, fertile branch ; 
b, a portion more enlarged, showing the receptacles alternating 
with the filamentous processes ; c, one of the receptacles ; d, sec- 
tion of the same, exhibiting the conceptaclea ; e, the summit of a re- 
ceptacle, showing the filaments proceeding from the centre toward 
the concepiacles ; /, a conceptacle more magnified ; g, one of the 
filaments which proceed from the parenchyma of the receptacle, 
and become free in the conceptacle and bear the sporangia ; h, 
sporangia or tetraspores with paraphyses, being the terminations 
of the parenchymal filaments ; i, a tetraspore open, three of the 
spores having escaped. 

Fig. 10. Fructification of Delisea ; a, apex of a branch bearing 
a conceptacle ; a*, a section of this conceptacle, showing the an- 
theridia in the cavity ; b, a ieirasporophore, shown in a longitu- 
dinal vertical section of the apex of a branch ; b*, a portion more 
enlarged, exhibiting the spores in situ ; c, tetraspores ; d. portion 
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of a branch of D.fimbriata, slightly reduced from the natural 
size ; e, Antheridia and paraphyaes from the conceptacle a*. 

Fig. 11. Fructification of Lenormandia ; a, enlarged extremity 
of a branch with conceptacles ; b, section of a, conceptacle ; c, theca 
from ditto, containing spores ; d, portion of a plant of L. dor- 
9\fera (9, 10, 1 1 after Montagne). 

Fig. 12. Fructification of Fucacese. a, apex of a branch of F. 
vesiculosus, with two receptacles ; b, section of a receptacle con- 
taining conceptacles ; c, the same seen from above ; d, section of a 
conceptacle containing sporocarps and paraphyses ; e, sporocarp 
with paraphyses; e*, young sporocarp; f, g, sporocarps more 
developed; h, mature sporocarp seen from above, the spores 
closely packed within it ; t, branch of Sargassum vulgare, with a 
capsular receptacle ; k, from the conceptacle of Pelvetia eanaUcu- 
lata, showing a spore with paraphyses and antheridia (e — h, k, 
Decaisne and Thuret; i, GreviUe). 

Fig. 13. Fructification of Chara, a, nucule; a*, vertical sec- 
tion of the same ; b, globule ; e, the same with the valves opened ,- 
c*, a valve detached ; d, campanulate cell, with the filaments 
containing spiral fibres, from the interior of the globule ; e, spore ; 
f, germination of ditto (a, b — d, Schnitzlein; a*, e,f, MmUer). 

Fig. 14. A, Botrytis (Berkeley); b, Aspergillus; a, head of 
fructification ; b, separated sporiferous filaments from the same. 

Fig. 15. Mucor mucedo. 

Fig. 16. Stemonitis. a, a single plant; b, sporiferous tissue 
with spores (Berkeley), 

Fig. 17* Tuber, a, the entire plant; b, section of ditto; c, 
enlarged view of one of the cavities containing spores ; d, a spore, 
e, young basidia of Scleroderma vulgare from T\ilasne. 

Fig. 18. Lyeoperdon. a, the entire plant; b, portion of the 
coriaceous outer envelope ; c, sporiferous tissue and spores from 
the interior. 
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PLATE X. 

Fig. 1. Fructifioatton of Agaric, a, perfect fruit growing from 
the mycelium ; h, section of a young fruit within the volva ; a, 
the voloa ; b, the indnuiwn ; c, the annular cavity, within which 
the reproductive bodies are developed ; c, section of an expanded 
fruit ; on the under side of the piletu are the vertical plates form- 
ing the hymenium ; d, a similar section, showing the remains of 
the volva at the base, and also the atmulua resulting from the 
tearing away of the indunum from the »tipe» ; e, cross-section of 
the plates of the hymenium, bearing the basidioaporea. 

Fig. 2. Polyporusfomentarius, with tubular hymenium. 

Fig. 2*. a, vertical section of Boletua gramdatua, with tubular 
hymenium ; b, cross-section of the hymenium, exhibiting the baai- 
dioaporea. 

Fig. 3. a. Hydnum auriacalpium ; b, seen from below, showing 
the columnar hymenium ; c, cross-section of one of the columns 
with baaidhaporea. 

Fig. 4. a, Clavaria comiculata ; b, cyatidia and paraphyaea, 
from Clavaria piatiliaria. 

Fig. 5. Oeogloaaum viride. 

Fig. 6. Helvella Klotachia. a, the superior hymenium ; b, ver- 
tical section of the atipea and hymenium ; c, cystidia and para- 
physes (after Corda). 

Fig. 7. a, section of Peziza acutellata ; b, cystidia and para- 
physes from P. brunnea ; c, a cystidium more enlarged. 

Fig. 8. Cyatidia and aporea from Helvella Klotachia (after 
Corda), 

(Figs. 2 to 8, from Schnitzlein ; 6, Icon, fam. nat.) 

Fig. 9. Baaidia and baaidioaporea from Agaricua campeatria 
{Schleiden), 

Fig. 10. Development of an apothecium of a Lichen. 

Fig. 11. a, an apothecium or patella ; b, a lirella. 

Fig. 12. Apodetium, 
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Fig. 1 3. Comocjfbe fkifuraeea. a, a single fruit ; b, spores and 
fiUtmenis ; c, half of a section of the globose fruit, showing its 
filamentoas nature ; the spores being borne on the surface. 

Fig. 14. Vertical section of a Urella of Opegrapha scripta, con- 
taining theem and parapkyses. 

Fig. 15. a, thalius of Endocarpon miniatum; the dots indicate 
the imbedded fructification ; b, vertical section through the thal- 
las, showing two masses of fruit with theca, &c. 

Fig. 16. a, vertical section through an apotkecium of Parmelia 
tiliacea ; b, theca and paraphyses from the same. 

(Figs. 11 to 16 from Sehnitzlein,) 

Fig. 17. Double spores of Borrera ciliaris (Schleiden). 

Fig. 18. a, a, leaf of Riecia ciliata ; b, a young sporanguim of 
R. glauca, containing spores ; c, ripe sporangium of the same, 
burst ; d, four spores united together, from the same ; e, a single 
ripe spore (b to d, Mohl). 

Fig. 19. a, fruit of Marehantia polymorpha, hesjingpistiUidia ; 
A, fruit bearing antheridia ; b, vertical section through a, show- 
ing the inferior sporangia with their involucres and involucels ; c, 
elater; d, spores; e, a ripe sporangium bursting; /, vertical 
section of a, showing the superior antheridia with intermediate 
lacunae ; b, an aniheridium with two lacunm more magnified ; g, 
a bulbel or gemma ; h, a collection of gemmtB contained in an in- 
volucre borne on the thalius {Sehnitzlein and Le Maout), 

Fig. 20. Jungermawnia Hookeri ; a, pistiUidia ; b, perichtBtium 
or developed pistillidium ; c, capsule dehiscing by four valves, 
borne on a seta which proceeds from the ruptured /^ericAtf/iaiii ; 
d, capsule of Stasia pusilla, elaters and spores {Hooker), 

Fig. 21. jinthoceros; a capsule dehiscing by two valves, show- 
ing the columella ; b, vertical section through the base of the 
same. 

Fig. 22. Monoclea, opening by a slit, also with a columella. 

Fig. 23. Section through the leaf of Blasia pusilla, showing 
the imbedded antheridium (?), (Hooker). 

Fig. 24. Fegatella conica with antheridium ; b, vertical section 
of the antheridium (Schleiden). 

Fig. 25. Antheridia of Jun^ermanma ITooAren (Hooker). 
Fig. 26. a, Pistillidium, and b, paraphyses of a moss (Link). 
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Fig. 27. Capsale bursting from the pistillidium and carrying 
up the upper portion as calyptra. 

Fig. 28. Capsules or sporangia of Mosses ; a, a capsule of 
Pohftrichum borne on its seta ; h, four-valved capsule of Andraa ; 
c, capsule of Zygodon conoideum with an apophysis ; d, of Splach- 
num luteum with very large expanded apophysis (Schnitzlein) . 

Fig. 29. Development of a capsule ; a, vertical section of a 
young capsule showing the different regions ; b, the upper part 
at a later period ; c, upper part of the cavity containing the 
spores ; d, spores (Schkiden) . 

Fig. 30. Polytrichum ; a*, capsule covered by the calyptra ; 
6. the calyptra removed, showing the operculum ; c, transverse 
section showing the four-lobed columella ; d, capsule with the 
operculum, a falling off ; e, an annulus from Bryum cemuum re- 
moved from the mouth of a capsule ; f, vertical section of the 
capsule of a Dicranum, exhibiting the columella and some of the 
teeth of the peristome (F)fom various authors) . 

Fig. 31. Peristome of Tortula ruralis; a, peristome of Bryum 
with two kinds of teeth; b, a tooth (processus) from Bryum 
c€B8pititium ; d, some of the cells more enlarged, showing the 
projections formed by the trtibecuUe {Schnitzlein). 

Fig. 32. a, Antheridia of Mosses in various stages, one in the 
lower figure bursting and emitting the spiral fibres (§ 45.) ; b, 
paraphyse. 
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PLATE XI. 

Fig. 1. Vertical section of the fructification of Schizoloma Ian- 
ceolata, showing the capsules lying between the leaf and the 
indusium (Prest), 

Fig. 2. Fertile leaf of the same. 

Fig. 2*. Fertile leaf of Lasiraa, showing the sort with their 
reniform indusia ; b, vertical section of a aorus. 

Fig. 2**. Sorua of DavalUa canariensia with cup- like indu> 
sium (Schnitzlein,) 

Fig. 3. Fructification of HymenophyUum ; a, the aorua covered 
by the indiuium ; h, the indvMum removed, sbowmgthe peduncle 
bearing the aporangia ; c, a portion of the latter more highly 
magnified ; d, a aporangium or theca with the tranaverae annulua. 

Fig. 4. A aporangium or theca of SoolopcTidrium discharging 
aporea ; a, apore, with tuberpulated external membrane ; b, the 
secondary membrane removed, showing the apore to be a nu- 
cleated cell (Schleiden). 

Fig. 5. Capsule, or aporangium of Oamunda. 

Fig. 6. Germinating ^ore of Fern (Japlenium diaaectum) bear- 
ing the peculiar organs containing tbe spiral fibres shown in 
Plate II. fig. 26 (Nagelt), 

Fig. 7- Fructification of Eguiaetum ; a, a spike of capsules ; 
b, diagram of a section of a spike, showing the attachment of the 
capsules ; c, a capsule seen laterally ; d, a capsule from above ; 
^pf» g> spore seen in difierent positions (Biachoffajid Mold), 

Fig. 8. Spore with elatera after its escape from the capsule. 

Fig. 9- Fructification of Lgcopodium ; leaf bearing an anthe- 
ridium ; b, a spike of fruit. 

Fig. 10. a, a leaf with oophoridium or four-lobed capsule 
(Martiua and Endlicher) ; b, section of a young oophoridium, 
showing the development of the mother-cell of the four large 
spores from the apex of the oiwiM&ller) ; c, oophoridium bursting. 

Fig. 11. Germination o( Lycopodium {M&ller). 

Fig. 12. Fructification of laoetea; a. section through the base 
of the stem, showing the position of the capsules imbedded in 
tbe lower part of the leaves ; b, capsule containing the large 
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9pore9 ; c, capsule with the smaller kind ; n, spores ; a, smaller 
kind ; h, larger with prominent ridges {Mohl, Sharm), 

Fig. 13. Fmctification of Pilularia; a, capsule; b, section of 
female capsnle ; c, ovnle ; d, ovule divested of the external en- 
velope {Bischoff). 

Fig. 14. Section of male capsule with pollen (Bischoff), 

Fig. 15. Section of the ovule of Pilularia ; a, nucleus ; h, em- 
bryo-sac ; c, coriaceous coat ; d, gelatinous coat (Schleiden). 

Fig. 16. Impregnation of the ovule of Pilularia; a, polku; 
h, nucleus with the pollen imbedded in it ; c, enlarged nucleiu ; 
d, embryo-sac (Schleiden). 

Fig. 17. Germination of Pilularia ; a, cotyledon or germ; b, 
radicle ; c, plumule ; d, remnant of the ovule iSchleiden), 

Fig. 19. Fructification of Marsilea; a, stalked capsnle borne 
on the petiole ; b, the capsule enlarged (the figure on the left 
hand shows the manner of dehiscence) ; c, a vertical section of 
it, showing the divisions in its interior ; d, a section at right 
angles to the last ; e, ovule-sac with four aniheridia from one of 
the cavities ; /, an ovule ; g, pollen (Bischoff, Greville). 

Fig. I9a. Section of a capsule showing the position of the 
ovule-sacs and aniheridia (Braun) . 

Fig. 20. Fructification of Salvinia ; a, a spike of capsules ; 
/, ovuliferous ; m, polliniferous ; a, a capsule ; b, cross section 
of the same (Schleiden). 

Fig. 21. Vertical section of two capsules; a, ovuliferous; b, 
polliniferous ; b. a, a bundle of aniheridia ; b, one of them more 
magnified ; c, pollen ; c. a, bunch of ovules ; b, an ovule more 
magnified ; c, ditto seen from above showing the nucleus ; d, a 
vertical section of it (Schleiden, Bischoff). 

Fig. 22. Fructification of Azolla; a, ovate capsules; b, glo- 
bose capsules (Griffiih), 

Fig. 23. a, oblong ovate capsule (ovule ?) ; b, calyptra detached 
from the summit (nucleus}) of the lobed body c (Griffiihy, 

Fig. 24. Polliniferous sacs from the globose capsules; a, 
transverse section ; b, vertical ditto, showing part of the pedicle 
((Griffiih). 

Fig. 26. Globose capsule oi AzoUa (Griffiih). 

Fig. 27' Globose capsule of another species {Mariius). 
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PLATE XII. 

Fig. 1. jirum maculatum ; a, spatke. 

Fig. 2. Capitulum of Chry»antkemum ; a, involucre. 

Fig. 3. Raceme of Ribes. 

Fig. 4. Spike of Verbena officinalis. 

Fig. 5. Spadix of Arum, 

Fig. 5*. Inflorescence of Acorus calamus ; a, spadix. 

Fig. 6. Catkin or amen^ of CafT^tniM (male inflorescence). 

Fig. 7. Female cone of Larix, 

Fig. 8. Corymb of Cerasus malaheb. 

Fig. 9* Section of a compositous capi/tt2tff»> showing the in- 
sertion of the florets. 

Fig. 10. Section of the hypanthodium of the Fig. 

Fig. 1 1 . Hypanthodium of Dhrstenia, 

Fig. 12. Simple umbel of the Cherry. 

Fig. 13. Compound umbel of Fceniculum; b, umbellule with 
partial involucre {^tkusa), (The foregoing are chiefly from Le 
Maout,) 

Fig. 13*. Centrifugal cyme of an Arenaria, 

Fig. 14. Scorpioid cyme where the leaves are alternate. 

Fig. 15. Scorpioid cyme where the leaves are opposite ; the 
dotted lines indicate the positions of the suppressed branches. 

Fig. 16. VerticiUaster of a Labiate plant. 

Fig. 18. Diagrams of the floral organs in an imaginary flower 
having five organs in each whorl ; a, a, the calyx composed of 
sepals ; b, b, the corolla of five petals ; c, d, the andracium of 
stamens in which c indicates the filaments ; d, the anther ; e, the 
gymecium of five carpels, each carpel presenting three parts, e, the 
ovary, f, the style, and g, the stigma ; h, the flower with the 
whorls in situ; i, a ground-plan of the flower showing the al- 
ternation of the organs of succeeding whorls. 

Fig. 19. Flower of Malva miniata with corolla, calyx and ept- 
calyx (Schleiden). 
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Fig. 20. Section of the flower of RanunetUus, showing the 
hf/pogpwut position of the stamen, petals and sepals (ovaries 
nipmor). 

Fig. 21. Section of Dryas with perigynous stamens and en- 
velopes. 

Fig. 22. Section of Heuchera with perigynoua calyx \ ovary 
Aa{f-MfjMrtor {Schleiden). 

Fig. 23. Section of Leuc<^um vemum ; stamen and perianth 
epigynous ; ovary inferior {ScMeiden), 
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PLATE XIII. 

Fig. 1. Corolla of Cuscuta with scales in the throat alternating 
with the lobes of the corolla (Xe Maouf), 

Fig. 2. a. Filament of Anagallis adhering to the petal ; &, co- 
rolla of Verhena with the filaments blended with the petals {Le 
Maout). 

Fig. 3. Section of the flower of EpipacHs latifoUa, showing 
the gynandrous stamen ; a, anther ; b, tiie stigma ; c, c, perianth ; 
d, ovary (Schleiden). • 

Fig. 4. Syngenesioas stamens of a compositons flower ; a, in 
the natural condition^ forming a tube ; b, the tube slit up and 
spread out. 

Fig. 5. Diagram of the flower of Sedum, exhibiting the 10 sta- 
mens. — [In these diagrams the dark central bodies are the 
carpels, the light oval bodies the stamens, the black lines petals, 
and the shaded lines the sepals {Le Maouf),'] 

Fig. 6. Ground-plan of Crassula with five stamens {Le Maout). 

Fig. 7* Ground- plan of Ranunculus with many rows of stBL- 
faens (Le Maoui), 

Fig. 8. Petal of Ranunculus with a scale at the base. 

Fig. 9> Petal of Lychnis with a projecting foid in the throat 
{Jussieu) . 

Fig. 10. Ground-plan of Butomus with three pairs of stamens 
opposite the sepals and three single stamens opposite the petals 
(Le Maout), 

Fig. 11. Polyadelphous stamens of Melaleuca hyperidfolia, 
^ve bundles of stamens replacing the five stamens of some other 
Myrtacese {St, Hilaire), 

Fig. 12. Flowering branch of Callitriche devoid of floral en- 
velopes {Le Maouf), 

Fig. 13. Flower oi Ruta with four petals and two whorls of 
stamens each composed of four organs {Le Maouf). 

Fig. 14. Ground-plan of Circeta with two organs on each 
whorl. 

Fig. 15. Ground-plan of jSoZatmrn, where with a pentamerous 
arrangement of the envelopes and stamens there are only two 
carpels. 



XXXU DB8CRIPTI0N OF THB PLATES. 

Fig. 16. Gronnd-plans of various flowers ; a, CusctUa with 
only two carpels ; b, the Elm, the dotted lines indicate where 
the suppressed petals would have been found ; c, pistillate flower 
of Xanthoxylon, the dotted lines indicate suppression of petals, 
the crosses of stamens ; d, BUtum with a perigone of three organs, 
one stamen and three carpels ; e, Callitriche (fig. 12.) ; /, Eu- 
phorbia, $ pistillate flower, 3 staminate flower ; g, Salix (the 
same references.) (Gray). 

Fig. 17. Vertical section through the flower of Ranuncubu 
exhibiting the simple Qvaries (o) borne upon the conical recep- 
tacle (r). • 

Fig. 18. Vertical section of the flower of Rosa, showing the 
simple ovaries (o) borne on the inner surface of the excavated 
receptacle (r) ; a, stamens. 

Fig. 19* Geranium ; a, carpels in the earlier stage adherent to 
the carpophore ; b, after the dehiscence ; a, carpophore ; b, car- 
pels attached by the styles ; c, a carpel curved over so as to show 
its dorsal dehiscence ; d, stigmas. 

Fig. 20. Section of a flower of Gentian showing the gyno- 
pbore (a) bearing the ovary (LeMaout). 

Fig. 21. Flower of Gynandropns ; c, calyx; p, petals; b, in- 
ternode developed between the corolla and stamens ; », stamens ; 
d, gynophore; o, ovary (Jusneu). 

Fig. 22. Imbricated aestivation of CameUia ; a, lateral view ; 
c, calyx ; p, petals ; b, ground-plan (Jussieu'). 

Fig. 23. Diagram of a quincuncial aestivation. 

Fig. 24. Papilionaceous or vexillary aestivation. 

Fig, 25. Vidvate testivation. 

Fig. 26. Induplicative. 

Fig. 27. Reduplicative ; a, lateral view ; b, grouod-plan. 

Fig. 28. Contorted. 

Fig. 29. Spiral contorted. 

Fig. 30. iBstivation ofAlthaa rosea ; a, lateral view; b, ground- 
plan ; c, calyx ; p, petals (Jusaieu), 

Fig. 31. Ground-plan of Tryopteria ovata (Malpighiaceae) with 
stamens in the axils of the envelopes (Jussieu). 

Fig. 32. Plicate nestivatioo. 

Fig. 33. Supervolute. 
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PLATE XIV. 

Fig. 1. A bilabiate calyx. 

Fig. 2. A plumose pappus. 

Fig. 3. A pilose ditto. 

Fig. 4. Aristate ditto of Bidens, 

Fig. 5. Calyx of Centranthua ; a, a lateral view in an early 
stage ; h, vertical section of the same showing the calyx or pap- 
pus c, rolled inward ; d, fruit crowned by the expanded calyx. 

Fig. 6. Various forms of the monoscpalous calyx ; a, cupu- 
liform ; b, globose ; c, conical ; d, urceolate ; e, turbinate ; f, 
campanulate ; g, infundibuliform ; h, clavate ; i, cylindrical ; k, 
inflated. 

Fig. 7. Spurred calyx of Tropaolum (Le Maouf), 

Fig. 8. Appendiculate calyx of Campanula {Le Maouf). 

Fig. 9. A petal ; a, the claw ; b, the limb. 

Fig. 10. Irregular petal of Fugosia sulphurea (St, Hilaire), 

Fig. 11. Papilionaceous corolla; a, vexillum ; b, b, carina; 
c, c, alae ; d, calyx. 

Fig. 12. A tubular corolla. 

Fig. 13. A rotate corolla; a, seen from above; b, a lateral 
view exhibiting the very short tube. 

Fig. 14. Labiate corollas ; a, Lamium, front view ; b, ditto, 
side view, showing the vaulted upper lip ; c, Rosmarinus with the 
upper lip reflexed; d, Echium, the upper lip scarcely distin- 
guishable. 

Fig. 16. Personate corolla. 

Fig. 16. Flower of Scesvola uvifera {Stocks, M.S.). 

Fig. 17. Ligulate florets. 

Fig. 18. Flower of Myosotis laid open, exhibiting a scale be- 
neath each lobe of the corolla. 

Fig. 19. Dilated filaments of Allium. 

Fig. 20. Stamen of Allium sativum, with one lobe of the pe- 
taloid filament elongated into a kind of tendril {St, Hilaire). 

Fig. 20*. Forked filament of Crambe (Le Maout). 
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Fig. 21. Stamen of Simaba; the filament arising from the 
back of a scale {St. Hilaire). 

Fig. 22. Stamen of Borago ; filament arising from the face of 
a beak-like scale (Le Maout), 

Fig. 23. Toothed filament of Humirium crasstfolium {Lindley). 

Fig. 24. Moniliform filament. 

Fig. 25. Male Bowers of Euphorbia, consisting of a single 
stamen ; the articulation indicates the place where the suppressed 
floral envelopes would be situated. 

Fig. 26. Petaloid stamen of Canna, one side petaloid, the 
other consisting of a unilocular anther (St, Hilaire). 

Fig. 27* Petal of a monstrous Rose with pollen developed on 
one margin (St. Hilaire). 

Fig. 28. PoUeniferous body of Viacum {St, Hilaire), 

Fig. 29* Transverse section of an unopened anther of Neottia 
picta ; a, a, the two lobes or loculi ; b, the connective ; c, c, the 
sutures ; d, d, the septa ; e, e, epidermis ; f, vascular bundle of 
the connective ; g, spiral fibrous cells forming the outer walls of 
the chambers ; t, t, t, t, the four pollen cheunbers {Schleiden). 

Fig. 30. Stamen of Euphorbia Lathyria, with a cross section 
{Schleiden). 

Fig. 31. Cross section of a flower- bud of Actinomeris altemi- 
folia, showing the relative position of the organs {Schleiden). 

Fig. 32. One of the lobes of the flower of Castrea falcata, con- 
taining pollen in a little hole in the upper part {St. Hilaire). 

Fig. 33. Stamens of Bocagea viridis {St, Hilaire), 

Fig. 34. Androphore of Byttneria celtoides, the five fertile 
stamens cohering with the five sterile {St, Hilaire), 
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PLATE XV. 

Fig^ 1. Attachment of anthers^ a, at the base {adnate) ; b, at 
the back {innate). 

Fig. 2. Stamen of Tulipa, the apex of the filament attached 
in a little hole at the base of the anther. 

Fig. 3. Stamen of Ticorea fehrifuga, the connective elongated 
below into a fleshy appendage {St, Hilaire), 

Fig. 4. Stamen of Xylopia grandifiora ; apex of the connective 
prolonged and truncated {St. Hilaire). 

Fig. 5. Stamen of Viola, the connective prolonged back into a 
petaloid body. 

Fig. 6. An emarginate anther. 

Fig. 7' A bifid ditto. 

Fig. S. Stamen of Melissa grandijlora ; connective enlarged 
(St. Hilaire). 

Fig. 9. Stamen of Tkymus Patavinus ; the connective still more 
enlarged, separating the bases of the loculi to a considerable ex- 
tent {St. Hilaire). 

Fig. 10. Stamen of Salvia pratensis ; the filiform articulated 
connective (c) bears one cell containing pollen (a), and at the 
other extremity an abortive cell {St. Hilaire). 

Fig. 11. Stamen of Stachys palustris, the enlarged connective 
(c) bringing the two cells of the anther into one line. 

Fig. 12. Stamen of Prunella. 

Fig. 13. Stamen of Stemodia tr\foUata, the connective (c) re- 
sembling a bifurcate termination of the filament {St. Hilaire). 

Fig. 14. Stamen of Orohanche ; the cells of the anther rendered 
horizontal by the curving of the upper part of the filament {Le 
Maout). 

Fig. 15. Anther of Viola odorata; back view, showing the 
origin of the appendix from the connective {Jussieu). 

Fig. 16. Convoluted anther of Bryonia dioica {Jussieu). 

Fig. 17. Tetragonous anther of Solanum, with a cross section, 
showing the breadth of the sides. 
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Fig.. 19. Anther of Vaecininm, with each locolus prolcaiged 
upward into a tube. • • - • 

Fig. 19. Face of the anther of Staehya (Fig. 11.) after dehfui' 
cence. -i n 

Fig. 20. Unilocular anther of a Poly gala (St. Hilaire}.* > 

Fig. 21. Ditto of Gompkrena macroeepkala (St, Hiiawe). -- ^ >^^ 

Fig. 22. Anther of Taxua ; a seen from above, 6 geen^iklttf* 
below. „•. ; . .!# 

Fig. 23. Anther of Erica dnerea, bursting by lat^ral-*poiii^« 
(Juasieu). . . . ^k 

Fig. 24. Anther of Solanum, bursting by terminal ports. •• < •• 

Fig. 25. Anther of Berheris, one of the valves opening tttoailid* 
ifje Maouf), . > - 

Fig. 26. Anther of Laurua no&tit«» one valve dehiscing {L^- 
Maaut). . ' . ; < 

Fig. 27. Anther of Peraea gratiaaima, bursting by four valw^ 

(Si. Hilaire), ■•'■*" •«• 

- Fig. 28. Anther of Alchemilla, bursting transversely (LeMMu^>) - 

Fig. 29. Monadelphous stamens of Oxalia (Le Aiam^),- • : *- 

Fig. 30. Polyadelphous stamens of the Orange (La Mwtil)i i 

Fig. 31. Adherence of a number of stamens in H^^erifMkn 
(Bgyptiacum, forming a segment of a circle (Juaaieu). .-i 

Fig. 32. Diadelphous stamens of Lathyrua (Le Maoui)^ a 

Fig. 33. Group of stamens from Luhea pameulata ; i. Internal ^ 
stamens, longer and fertile ; ex, outer stamens, sterile and shorter 
than the rest (Juaaieu), 

Fig. 34. Anther of Pinua, a, front view ; h, back view (Zta- 
carini). 

Fig. 35. Anther of Ahiea; same references {Zueearini). 

Fig. 36. Anthers of Encephalartua, a, a portion of a scale, 
beanng anthers; b, anther seen from above; e, lateral view 
(Zuccarini). 

Fig. 37. Tetradynamous stamens. 

Fig. 38. Didynamous stamens. 

Fig, 39. Pollen-grains united in masses, a, Periploca graca; 
b, Inga anomala (Juaaieu). 

Fig. 40. Pollen of an Orchidaceous plant ; the viscid matter 
drawn out into filaments (Lindley). 
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Fig. 41. Pollen of an Asclepiadaceous plant, a, one of the pol- 
len-masses ; b, section of the outer portion of the same, showing 
that the outer layer is formed of empty cells, which constitute 
ft membrane enclosing the pollen-grains. 

Fig.* 42. A, Front view of the anthers and stigma of OrchU mt- 
Utaris, a, connective of the anther ; h, h, the two loculi ; c, reti- 
nacula \ d, lower part of the loculus of the anther, containing 
the caudiculus ; e, e, abortive stamens ; /, stigma, x and y repre- 
sent the direction of the section c. b. Pollen- mass of Orchis 
Mario : a, pollen ; h, caudiculus ; c, retinacula. c. Vertical sec- 
tion of A in the direction » to y : a, h, the lower part of one 
loculus of the anther ; c, epidermis ; d, parenchyma of the wall ; 
€, pollen- mass ; /, caudiculus ; g, the apex of the short rostel- 
lum ; h, epidermis of the same, forming the bursicula ; t, retina- 
cula ; kt portion of the bursicula which becomes absorbed after- 
wards, so that the caudiculus, when free, comes in contact with 
the naked retinacula ; I, loose cellular tissue ; m, outer surface of 
the conducting tissue (stigma) ; », parenchyma of the discoid 
style {Bchleidm). 
^ Fig. 43. Trigonal pollen of (Enothera (Juaaieu), 

Fig. 44. Polyhedral pollen of Cichorium (Jussieu). 

Fig. 45. Pollen of Gladiolus. 

Fig. 46. Pollen of Convolvulus tricolor, seen from above, be- 
hind and before {Jussieu). 

Fig. 47* Pollen of Dactylis gUmerata, with a single pore (Jtw- 
sieu). 

Fig. 48. Pollen of a dicotyledon, with three pores. 

Fig. 49. Pollen of Corydalis (Jussieu), 

Fig. 50. Pollen of Passiflora kermesina, the pores covered by 
opercula (Jussieu). 

Fig. 51. Pollen of Cucurbita pepo dehiscing, the opercula fall- 
ing off the pores (Jussieu), 

Fig. 52. Pollen of (Enothera biennis, emitting a pollen-tube 
(Jussieu) » 
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PLATE XVI. 

Fig. 1. Transverse sections of young anthers, the lower figure 
showing the older condition where the septa have been absorbed 
in the greater part of their extent, a, connective ; d d, pollen- 
chambers; e, the epidermis; /, the septa; g, a dotted line 
through the septa, to indicate its duplicate origin. 

Fig. 2. Spiral fibrous cells from the walls of an anther, situated 
immediately below the single layer of epidermis cells {Juasieu). 

Fig. ] *. Stamens and pistils of Helicteres Sacarolha, a, the 
petaioid lobes of the disk alternating with the stamens ; b, the 
elongated peduncle on which the essential organs are home (S/. 
Hikdre), 

Fig. 2*. Andraecium and pistil of Cheiranihus Cheiri : a a, lobes 
of the disk {St. Hilaire). 

Fig. 3. Pistil of Coh€sa scandens, surrounded by the lobes d 
of the disk (St. Hilaire). 

Fig. 4. Base of the pistil of Veronica, surrounded by the entire 
disk a (Le Maout) . 

Fig. 5. Disk of Paonia Movian, almost enclosing the multiple 
ovary ; a portion is raised to show the carpels within {St. Hi- 
laire). 

Fig. 6. Young Ovary of Butomua umbellatus. a, whorl of very 
young carpels, seen from above, their margins not yet in contact ; 
c, the same, a little older, viewed laterally ; d, section of a carpel » 
exhibiting the ovules all over the wall {Jussieu). 

Fig. 7* A metamorphosed pistil of the double Cherry, partly 
converted into a leaf. 

Fig. 8. Transverse section of a pistil, showing the passage 
down the centre {Jussieu). 

Fig. 9. Vertical section of the style of Campanula, showing 
he filamentous cells lining the passage {Jussieu), 

Fig. 10. a, Unilateral stigma of Asimina triloba ; b, bilateral 
ditto of Plantago saxatilis {Jussieu). 



.Fig. 11. it, Ssmmiftof oneof thebnmdieioftiieKtykQf fft- 
UfCM fNi/wIm ; b, papilbB from its mrfiiee iJutaieu)^ 

Fig. 12. Multiple ovary of Sedmrn, formed of a singlewborl^tf 
caipcis. 

Fig. 13. A lateral style. 

Fig. 14. A basilar ditto. > ' 

Fig. 15. Gynobase of Sakfia, e, carpels ; o, ovules ; r, itoe^ 
tacle ; •» style (/> Maoui^, 

Fig. 16. Gynaecium of an Aaelepia», with the an&ers, 8ie« is- 
moved, e, carpeb ; Wt» stigmas ; i, glandular bodies to vliich 
the pollen-masses are attached (Le Matmf), 

Fig. 17* Transverse section of the ovary of Nymijphma, shoivKog 
the ovules growing on all parts of the dissepiments. 

Fig. 18. Diagrams of transverse sections of ovanes to jUds- 
trate placentation. d s signifies dorsal suture } v b veDtrai 
ditto, a, A simple ovary of one carpel ; 6, a threes celled otary 
with ttn2e placentie; c, a compound, unilocular ovary iwith^Mi- 
rietal placentae ; d, e, compound unilocnlar ovaries witll plai^ebts 
intermediate between parietal and axial ; f, a compound unilocu- 
lar ovary with a^ree central placenta. All but a are composed 
of three carpeb, in contact eitiier by their lateral faces or their 
margins. 

Fig. 19* One-seeded, unilocular ovary of Composite. 

Fig. 20. Ditto of Graminacese. 

Fig. 21. Ditto of PiumbaginaceK. 

Fig. 22. Ditto of RanuiunUus, 

Fig. 23. Very young ovary of Pavwda cune\folia» a, the five 
ovulary cavities ; b, the ten piq>illse whence originate the ten styles 
{Duchartre). 

Fig. 24. Summit of the forked styles of Emblica qfficinaUa (£o- 
phorbiacese) {Jumeu), 

Fig. 25. Feathery stigmas of a Grass. 

Fig. 26. Summit of the lobed style of Campamda rotundifoUa 
(Jusaieu), 

Fig. 27. Style and stigma of Scropkidaria {Le Maoui). 

Fig. 28. Stigma, of Bignonia pandorea (Jussieu), 

Fig. 29. Ditto of Mirahilia jalapa {Jussieu)^ 

Fig. 30. Ditto of Arbutu9 Andrachne ( JuMtea). 
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Abortive stamens, 160. 
Abruptly pinnate^ 74. 

hfiorption, 97. 
Accessory buds, 92. 
Accrescent, 154. 
Aeeuras fermentation, 38. 
Achenium, 194, 196. 
AcLCular leaves, 71. 
Acid, carbonic, 38. 
Aoottitum, calyt of, 153. 
Asotyledons, 51. 
— , leaves of, 79. 

, roots of, 65. 

, stems of, 52. 

Aflberence of whorls, 138. 
Adhesion of stamens, 167. 
Adventitious buds, 92. 

• roots, 65, 68. 

Aerial leaves, 68. 
—*^ roots, 66. 
Estivation, 146. 
Aggregate fruits, 196. 
Air-cavities, 29. 
Alas, 156. 

Albumen, 10, 44, 208. 
«— -— of the ovule, 200. 
——, ruminated, 215. 
A&umum, 60, 100. 
Algn, reproduction of, 107. 
Alkaloids, 14. . 
Amentum, 131. 
Ammonia, 38. 
Amnios, 200. 

AmpMtropotts embryo, 214. 
— - ovule, 199, 
Amydon, 11. 
Amyloid, 11. 
Amylumy 11. 
Anatropous ovule, 199. 
Andrsecium, 136, 159, 167. 
Androphore, 169. 
Angular, 151. 



Annual rings, 60. 
Annular cells, 24. 
Annulus, 120, 122. 
Anterior, 148. 
Anther, 136,159. 
— , attachment of, 163. 
— — , colour of, 167. 

, dehiscence of, 166. 

, form of, 164. 

, structure of, 161. 

Anthers of Rhizocarpese, 124. 
Antheridia, 111, 112, 118, 120, 

122, 123. 
Anthodium, 132. 
Anthoxanthine, 227. 
Antitropotts embryo, 214. 
Anthocyane, 227. 
Antho<»rpotts fruits, 196. 
Apetalous, 143. 
Apex of fruit, 187. 
Apicular dehiscence of fruit, 193. 
Apiculate, 152. 
Apocarpous fruits, 194. 
Apocynaceae, stigmas of, 179. 
Apophysis, 119. 
Apothecium» 116. 
Appendages of petals, 155. 
Appendicular organs, 33, 35. 
Appendicttlate, 153. 
Aquatic plants, pollen of, 171. 
Arbor, 94. 
Arbuscula, 94. 
AriUode, 208. 
Arillus, 208. 
Aristate, 152. 
Arrangement of fruits, 194. 

leaves, 81. 

Articulated filament, 160. 
Articulation, 74. 
Ascending ovule, 201. 
Ascidia, 72, 76. 
Asclepiadacese, stigmas of, 179. 
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Assimilated mattevv 37. 
Assimilation, 102L 
Asymmetiical flowers, 145. 
AtropoQS OYule, 198. 
Attachment of anthen, 163. 
Attenuated, IfrS. 
Attraction, capUlaiy, 98. 
Aug;mentation, 142. 
Axial embiyo, 218« 
Axillary buds, 84. 

stipule, 78. 

Axu, ^2. 
Bark, 61. 
Baridia, 115. 
Basidiospori, 115. 
Basilar style, 178. 
Bassorine, 11. 
Beny, 195. 
Bilabiate, 151. 
Bifurcate ramification, 95. 
Bi-pinnatifid, 74. 
Bi-sernitei 74. 
Bothrencbyma, 29. 
Bracts, 83, 129. 
Bracteole, 129. 
Buds, 83. 
^^, accessory, 92. 

, adventitious, 92. 

Bulbillus, 91. 
Bulbs, 54, 89, 95. 
Caducous, 130, 158, 158. 
Calydflorous, 141. 
Calyptra, 117, 119. 
Calyx, 136, 150. 

, duration of, 153- 

— , form of, 152. 

, incisure of, 151. 

, processes upon, 154. 

Cambiam, 57. 

cells, 30. 

Campanulate, 152. 
Campylotropous ovule, 198, 199. 
Caudex, 67. 
Caudiculus, 171. 
Cane-sugar, 12. 
Caoutchouc, 14. 
Capillary attraction, 98. 
Capitulum, 132. 
Capsule, 196. 



Carina, 15& v' "'itl<^2jfOj 

Carpel, 137. . . - ."i iiJoiiK 'J 

,cbanictero4 176«' ^M^riw'3 

Carpels, structure ol,' lZ2».t^>JI '} 
Carpophore, 199, 19& fts' ) 
Caryopsis, 194. '- ;. Ibjj 

Caseine, 10. •I-') 

Catkin, 131* ■ '-> tuo>(0 

Cauline leaves, 83. .j '; . • >— 

Cell-contentB, mo«eAfaii..cif^iti»'J 
Cells, contents of , 44; ■ o r • • j 

, development «if, 1 6< • ' . i •♦ /^ 

, development, thaotata^^JMO 

, growth of, 22, 4Ji. :. ..; r. ? 

in oonnexioB, 27» : - j .- — 

, fibrous, 24. - .".pirr."^ 

, figure of, 22. ,//» -. ') 

— , ligneous, 45* ♦■t-,- no'J 

, motion of, 42* . i.»nc-'> 

, porous, 25. :..t»n-^ 

, propagation o^ 16^.42^'.^ } 

, seoondary d^osita ^■^■9io J 

, secretion in, 40, • .' i 

Cellular envelope, 62«i/ . • : ,u>'.i 

Cellulose, 10, 220. •. ' , 

Centrifugal infloresceiMe, Idfk^-^' 

132. ,fA 

Centripetal infloresoonceir J^tn : » 
Chalaza, 198. . .ik. ) 

^, form of, 217. )Ji-a<».'> 

Characeae, reprpd. <tf, 112«i:.t^n.>j 
Chemical changes* 38r . . • *?r.* O 

composition, 7* •••■»• 

Chemistry of secretfoil, .iOBv • '.) 

of vegetation, WS*.' , i / * 

ChlorophyUe, 13, 19, 44, 104v t > 
Chordaceous thaUus, 49.' ; -.v • ') 
Cicatrix, 76. ;> ,l>! J 

CiUa, 23,120. -: n. ^ 

Circinnate, 86. *•' ^i ) 

Circular sestivatioB, 147* - -^vt.'.f 
Circulation, 45,97. • i^ c*..' 
Circulation of the sap, 28b <^ — 
Circumscissile dehisctoocv )d^< — 
Citric add, 14. >*-.-- ■ 

Ckvate, 152* 
Claw, 154. . 
Cloves, 90. 
Coats of the ovule, 1^84,; .enoi' 
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Coftts of the seed, 214^ ' 
Cochleariform, 155. 
Coherence "OforipAifs, 138. 
Coleorhiza/ 66. 
Collateral oimleS) 2d2. 
Collectors, 185. 
CoUum, 119. 
Colour of flowers, 226. 

of leaves, ^5. 

CoIdQj^gf matters, 14. 
Columella, 120. 
Complete flowers, 138. 
O^fo«iid' leaves, 73. 
Compouncbi essentud org;atiic, 9. 

, proteine, 9. 

Compressed, 152. 
Concave, 155. 
Conceptacles, MO. 
Conducting tisstie, 177. 
Conduplicate, 86. 
Cone,^)3fi, 196. 
CoAftiTte/ t^^TOd: Of, 108. 
Conical, 152.' 
Conifene, anthers «f, 69. 

, leaves of, 82. 

CosMiiie^ 168. 

leaves, 77. 

Coniib€tiv6,'I61, 164. 

Connivent, 150. 

Considerations,morphologScal, 47. 

Constan<^if of position, 149. 

Constituents, inorganie, 7, 9. 

Contents of cells, 44. 

Contorted, 147. 

Convolute, 96. 

Conv^kttivd, 147. 

Coed, 192: 

Cord, umbilical, 197. 

Core, 189. 

Cork, 36, 62. 

Cormophytee, 48, 50. 

Corolla, 136. 

, dittstiofi of, 158. 

«>/tfDntt of, 167. 

, monopetalous,' 156. 

, polypetalous, 156. 

, structure of, 154. 

Corolliflorous, 141. 
Corona, 158; ' 



Corpuscula, 200. 
Corrugated, 155. 
Cortical parench3rma, 66. 

system, 61. 

Corymb, 132. 
Cotyledons, 51, 209# 
Creeping stems, 90. 
Crenate leaves, 73. 
Crustaceous thallus, 49. 
Cupuliform, 152. 
Cuticle, 34. 

Cycadaceae, anthers of, 169. 
Cycles of leaves, 81. 
CyUndrical, 152. 
Cyme, 133. 

Cymose inflorescence, 133. 
Cytoblast, 18,20. 
Cystidia, 115. 
Deciduous, 130, 153, I58;r 
Dedinate, 170. 
Decussate leaves, 82. 
Deduplication, 142, 168, 183. 
Definite bundles, 31. 

inflorescence, 133. 

Dehiscence of anthers, 166. 

of fruit, 190. 

of pollen, 173. 

Delphinium, calyx of, 159. 
Dentate leaves, 73. 
Dentes, 120. 
Development of cells, 16. 

embryo, 207, 209. 

floral envelopes, 159« 

light, 228. 

Dextrine, 12, 224. 
Diachyma, 69. 
Diastase, 39. 

Diatomaceae, reprod. of, 108« 
Diclinous, 143. 
Dicotyledonous embryo, 211. 

roots, 67. 

- stems, 55. 
Dicotyledons, 51. 

, germination of, 219* 
— — , leaves of, 80. 

, pollen of, 173. 

Didynamous, 170. 
Diminution, 142. 
Dioecious, 144. 
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IKredaonoffiliiiiaite, 161. 

ondes, 201. 

«lieiidide,217. 

Disk, 174. 
Dinepiiiieiite, 179. 
Distidia«ii iesvci, 82. 
Distmct floral orgaas, 141. 
Dhroigeiit, 150. 
Dontcnim, 132. 
Donom of Gupds, 176. 
DncKDA, 54, 55. 
', root 0^ 67. 
Drape, 195. 
Dametam, 94. 
DonmSy 94. 
Duramen, 60. 
Duration of coroDa, 158. 
Elementary structures, 16. 

, pbyriology of, 37. 

Elaters, 118, 123. 
Emarginate, 163. 
Embryo, 51. 

, development of, 207, 209. 

, dieotyledonons, 211. 

, gymnospermoufi, 212. 

J monocotyledonoQS, 209. 

, origin of, 204. 

, rdatioBS of, 213. 

Embryo-bad, 92. 
Embryo-sic, 200, 206. 
Endocarp, 188. 
EndopUsenm, 62. 
Endopleura, 215. 
EndorhizsB, 66. 
Endosmose, 37. 
Endosperm, 200, 208. 
Endostome, 198. 
Entire, 155. 
Entire leaves, 72. 
Envelope, cellular, 62. 
Envelope, floral, 136, 149. 
Epiblema, 33. 
Epi-calyx, 137, 153. 
Epicarp, 188. 
Epidermis, 33, 45, 56. 
Epidermal tissue, 33. 
Epigynous, 141. 
Epiphlieum, 62. 
Epithelium, 33. 
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Sqniaetacec, reprod^ <lf, tlS!.' • 
Eqoitant, 86. 
Erect, ISO. 

ovule, Hbl, 

Erytbropbylle, 229. 
Essential organs, I86| 159* 
■ organic compoutfOSf ^ 
Eupborbiaceae, ani^n oft 909i 
Euphorbia, flowers of, 1^. 
Evaporation, 101. 
Excrescence, 93. 
Excrescent, 130. " '^ 

Excretion from roots, MW;* 
Exhalation, 101. 
Exostome, 198. 
Exstipulate, 78. 
Extra-axillary buds, 91. 
Extractive matter, 45: • 
Extrorse, 166. 
Face of carpels, 175. 
False cells of fruit, 1^; 
Fasciation, 134. 
Fascicles, 83, 133* 
Faux, 157. 

Fermentation, tfjetood, 39.'" 

Ferns, arborescent, 66. ' • • " 

, leaves of , 79. •'*■ 

, leprod. of, 121.' 

, roots of, 66. 

, sterns^, 52. ' ' - ■' 

Fertile flowers, 143. - »• - - 
Fertilization, 202; - - 

Rbre, woody, 32. 
Fibrillae, 65. 
Fibrine, 10. 

Fibro-vascular ring, 56. ^^^^>' " 
Fibrous cells, 84. ' i. • n: 
Fig, 132. . u:iij..: 

Figure of cells, 22. .:• .• 
Filament, 136, 159. '>>>»'- ' ' 

, colour of, 161. '' ' '-i ■ 

, direction of, 161/ 'J'-' 

, form oft 160i ^ >? • 

Filamentous thflUlus, 48. ^:•>"> ' - 
Filices, reprod. of, 121. ••"• ■ 
Fimbriated, 155. ' •>>»..•'.:■. 

Fissures, 73. ■ ' " • •»'•*»'' 

Fistular leafes> 7^. <'.,:jMi.(inM.i 

Fixed eils, < 13, >44, 92tt^'^ ' 
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FlageOnm, 90. 
Flocculent thallus, 49. 
Floral envelopes, 136, 149. 

, development of, 169. 

-leaves, 83. 

oiy<ui8,«nangementof, 137. 

Floret^ 158. 

Floskto, reprod. of, 110. 
Flowering, pkkysiology of, 220. 
Flowerless plants, reproduction 

of, 107. 
Flowers, colour of, 226. 

, conpoaitaoii of, 134. 

Foliaceous thallus^ 49. 
FoUoles, 73. 
FoUicle, 195. 
Forked filament, 160. 
Form of anthers, .164. 
*— of corolla, 157. 

of filament, 160. 

of petals, 154. 

■ of pollen, 172. 

Free central placenta, 181. 

' floral organs, 141. 

• stamens, 168. 

Frond, 68. . 
Frondose thallos, 49. 
Fructification, physiology of, 222. 
Fruit, 186. 

, composition of, 186. 

• , dehiscence of, 190. 

', maturation of, 223. 

, reg^olarity, &c., 187. 

■ ', structure of, 187. 

, various kinds of, 193. 

Frutex, 94. 

Fruticulose thallus, 49. 
Fruticulus, 94. 
Fucacese, reprod. of, 112. 
Fulcraceous buds, 85. 
Funp[i, reprod. of, 113. 
Funiculus, 197. 

(^asteromyceteS, reprod. of, 113. 
Gemmae, 117,119, 122, 
Gemmule, 87. 
(>eniculate, 160. 

(xeranium,dehiscence of fruit,l 92. 
Germination, 53, 218. 
, effeoji; .^ Ught on, 39. 



Gibbous, 153, I584 ' 

Globose, 152. 

Globule, 112. 

Glomerule, 133. ! 

Glumes, 130. 

Granules, chlorophylle, 19. 

Grape-sngar, 12. 

Grasses, leaves of, 80. 

, stigma of, 185. 

Growth, 96. 

of cells, 22,41. 

Gum, 12,44. 

Gymnospermous embryos, 212. 
Gynobase, 179. 
Gynsecium, 136, 178. 
Gynandrous, 141. 
Gynophore, 178. 
Hairs, 35. 

of Campanula, 46. 

of Drosera, 45. 

Heart-wood, 45, 60, 100. 
Heat, liberation of, 222. 
Helicoid cyme, 133. 
HepaticsB, reprod. of, 117« 
Hesperidinm, 195. 
Heterotrupous ovule, 199. 
Hilum, 197. 

, position of, 217. 

Homotropous embryo, 214. 
Horizontal dissepiments, 179. 
Humus, 15. 
Hybemacula, 85. 
Hymeninm, 114. 
Hymenomycetes, reprod. of, 113« 
Hypanthodium, 132. 
Hyphomycetes, reprod. of, 113. 
Hypogynous, 141. 
Imbricated, 85, 86, 147. 
Impari-pinnate, 74. 
Imperfect flowers, 143. 
Incisure of calyx, 151. 

leaves, 73. 

petals, 155. 

Incomplete, 143. 
Indefinite bundles, 31. 

inflorescence, 131, 

IndupUcate, 86, 147. 
Indusium of Ferns, 121. 

•^ of Fungi, 1 14. 
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[ndusiiDDof I>ibcli>cec, iSi. 
Inferior, 148. 

OT«ry, 141. 

Infltttd, 152. 
lafloreacence, 129. 
Infundibalifimn, 152. 
Idorguiic eoutliueiiU, 7, 0. 
luertion, 141. 

of leiTci, Bi. 

InTCTH DTuIe, 201. 
Ibtegumentiini eilcrnum, I9S. 

intern Din, 198. 

nmplei, 197. 

IntercenuliT paiuge*, 28. 

lubiuiice, 29, 44, 106. 

lytlem, 28. 

InterUciDg titiuc, 28. 
Internal membruw, 21S. 
InMr.petioUr itipale, 78. 
Intn-folikceooa stipiUe, 78. 
Introne, 166. 
Intruded, 152. 
Inuline, 12. 
InvoluMl, 117. 
InTolucre, 129. 
InTolute, 86. 
IrTegnl«r, 151. 155. 

flowen, 144. 

Irritabililr, 230. 
lueUces, reptod. of, 124. 
J«11)', vegetable. 11,224. 
Kinds of fruit, 193. 
Ubiate, 157. 

flovert, 145. 

Ladnitte, 73. 
Lacnnc, 29, 71. 

Ijmin«, 70. 

Lateral rtyle, 178. 
Latidferout caoata, 58, 63. 

vessels, 33. 

Layering, 90. 

Layer, suberona, 62. 

Leaf, amicture of, 68. 

Leaflets, 73. 

Leavea, UTBagemeDt of, 81. 

, articulatioti of, 74. 

, colour of, 225. 

, form of, 71. 



Leaves, indsure of, 73. 

, peraistenl, 75. 

, aabmerged,, 71. 

Legiune, 194. 
Lenticela, 64. 
Lianes, 94. 
Uber, 61. 

, tisane of, 32. 

Lichenes, reprod. of, 115. ' 
Light, 39. 

, action o^ 104. 

, develDpoient of, 228. 

Ligneous oella, 45. 

ayatem, 58. 

Lignine, 10. 
Ligule, 77,80. 
LiguUte, 157. 
Limb, 151, 154, 157: ' 



Mamilla of the Ductebsi '19^^'!^ 
Marcescent, 154. ,"''' 

MarsileaceBe, leaves of, 79.' ',', 

, reproductioi) of, 124. ' ,. 

, stems of, 52. 

Matter assimilated, 37. 



, nitrogeooos, 38. . 

Maturation of fruit, 2Z3," 
Medullary parenchyma, Sft. , 
rays, 32, 56, 60^ 
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Membranous thallua, 49. 
Mericarp, 195. 
Merithals, 51, 83. 
Mesocarp, 188. 
MesophlKum, 62. 
MesophjUum, 69. 
Micropyle, 197. 

, pofiitioii of, 217. 

MUk-yessels, 33, 43, 45. 
Mirabilis, corolla of, 159. 

, fruit of, 196. 

Monadelphous, 139, 168. 
Monochlamydeous, 143. 
Monocotyledons, 51. 
embryo of, 209. 

-, gemmation of, 219. 

-, teavesof, 79. 
pollen of, 172. 
Monocotyledonous roots, 66. 

stems, 53. 

Monoecious, 144. 
Monopetalous, 139. 
— TTvOorolla^ 156. 
Monosepalous, 139, 150. 



Morp^QlogsTi 47. 
:Qf amh 



thers, 161. 
Mosses, leaves ot, 70. 

^ reiMnaduction of, 119. 

——, roots «f, 66. 

,,«^m8 of, 52. 

Motlj^-oeHs, 170. 
Motio|^ 229. 
Motion of cells, 42. 
Movements of cell-contents, 41. 
Mucjli^, vegetable, 12. 
Mucronate, 152. 
Moltip^ frnit, 187. 
Musci. iroprpduction of, 119. 
Myceuum, 113, 114. 
Navicular, 155. 
Nectary, 175.. 
Nervation, 71. 

of sepals, 150. 

Nitrogenous matters, 38. 
Nodules, 92< 

Nostochinese, reprod. of, 107. 
Nucleolus, 17, 21. 
Nucleus of the cell, 17. 
of the ovule, 197. 



Nucule, 112. 

Number of stamens, 167. 
Nut, 189, 195. 
Nutrition, 38. 
Obvolute, 86. 
Oils, essential, 44. 

, fixed, 13, 44. 

Oophoridia, 123. 
Onagracee, pollen of, 173. 
Operculate fruit, 193. 
Operculum, 120. 
Opposite leaves, 82. 
Orchidaceae, dehiscence of fruit, 

192. 
Organic compounds, essential, 9. 
-^.^ substances, 13. 
Organs, appendicular, 33, 35. 

^ essential, 136, 159. 

Origin of embryo, 204, 
Orthotropous ovule, 198. 
Ovary, 137, 176, 183. ,' 

, multilocular, &c., 180. 
Ovule, 197. 

, abortion of, 188. 

, coats of, 198. 

, position of, 201. 

, relative position of, 202. 

of Rhizocarpeee, 124. 

Ovule-sac, 125. 

tubes, 199. 

Pagina, 70. 

Palate, 157. , 

Palee, 130, 152. 

Palmate, 72, 

leaves, 74. 

Palmifid, 73. 
Palminerved, 72. 
Palms, 54. 

, roots of, 66. 

, stems of, 93. 

Panicle, 132. 
Papilionaceous, 156. 
Papilionaceous flowers, 145. 
Papillffi, 35. 
Pappus, 143, 152. 
Paraphyses, 115, 119, 121. 
Parenchyma, 27. 

, contents of, 44. 

Parietal placentas, 181. 
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Panifliireae, pdUen of, 172. 

Patella, 116. 

PatulooK IdO. 

Pectic acid, 224. 

Peculiar lecretiona, veaervoin for, 
28. 

PediMl, 129. 

Fedtttcleb 129. 

Pelargoniam, calyx of, 153. 

Peltate, 72. 

Peltate stigma, 186. 

Pepo, 195. 

Perianth, 136, 149. 

Pericarp, 188. 

Perichaetium, 118. 

PeridenDy 63. 

PerigODti 136, 149. 

Ferig^otts, 141. 

-^— calyx, 141. 

Peripherical embryo, 214. 

Perispenn, 208. 

Peritropous ovule, 201. 

Perdstott, 130, 153, 158. 

leaves, 75. 

Personate, 157. 

Petaloid calyx, 136. 

filaments, 160. 

Petals, 136, 

, appendages ol^ 155. 

, coherent above, 158. 

— , form of, 154. 

— , incisure of, 155. 

Petiole, 70, 75. 

, common, 73. 

Petiolule, 74. 

Phanerogamia, 23. 

PhyUode, 76, 80. 

Phyflophore, 54. 

Phyllotaxy, 81. 

Physiological procesaes, 43. 

Physiology of elementary struc- 
tures, 37. 

of flowering, 220. 

of vegetation, 96. 

Phytochlore» 13. 

Phytons, 47, 50. 

Pileus, 114. 

Pilose, 152. 



Pinnate, 72. 

leaves, 74. 

Pinnatifid, 7a 
Pinninerved, 72. 
Pistils, 136. 
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Pistillary cords, 18t. 
Pistillate, 143. 

flowcfg, 1^7. 

PistiUidia, 117, 119. 
Pitchea, 76. 
Pith, 56, 58. 

in roots, 68. 

Placenta, 176, 202. 

, axile, lai. 

, central, 181. 

, parietal, 181. 

Placentary, 180. 

Placentaibn, 180. 

Plicate, 86. 

Plumose, 152. 

Plumule, 209. 

Pod, 194. 

Podetium, 116. 

Podosperm, 197. 

Pollarding, 94. 

Pollen, 136, WO. t "T 

, form of, L72* ■ • i '■'i 

of Rhizocarpeie,- 189c •• i-^'^l 

, structure of, 170.- - • --•'i 

cell, 170. . — 

grain, contetitsof/ I74i': '^^ 

tube, 174. 

, course of, 203. 

Polyadelphous, 168. ' 
Polygamous, 144. 
Polypetalous corolla, 155. 
Polysepalous, 150. 
Pome, 195. 
Poppy, stigma of, 186. - 

Pores, bordered, 26. • 

, dehiscence by,o£<lailtV'l9dl 

of pollen,' 174. - >■ 

, simple, 26. • -i -i 

Porous cells, 23. i . . . . -j OJ 
Position of the seed, 2)6. - - - 

of afamfins,.. 167. - '> 

Posterior, 148.- • ' . i>« ■.;•/ 

Prefloralimi, i4ilu ' > n J't- •• ". 
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PrefolUtioiiy 86. 
Priminei 198. 
PrimonUal tttricle, 17, 22* 
PrimQlaceaSy placeSita of» 181. 
Prismatic, 151. 
Processes^ phy^k)ig]cal» 43. 
Processus, 121^, 
Procumbent, 94. 
Progressive Tasctdar bundles, 3K 
Propagulum, 90. 
Propagation of cells, 16, 42. 
Prosenchyma, 32. 
Proteine, 3d. 

compoundSi 9. 

Protoplasma, 10, 38, 103. 
Pulp, 189. 

Pulverulent tludbis, 49. 
Pulyinus, 76. 
Puoctum yegetadoniS) 85u 
Quadrilocular anthers, 165. 
Quartine, 200. 
Quaternary poUen, 170. 
Quincuncial, 147. 
Raceme, 131. 
Rachis, 73. 
Radical leaves, 83. 

peduncle, 184. 

Radicle, direction of, 217. 
Ramal leSTes,. 63. 
Ramification, 53, 87. 

, bifurcate, 95. 

Ramified cells, 25. 
Ramulus, 87. 
Ramus,. 67. 
Raphe, 199. 

, position o^ 217. 

Rays, medullary, 60. 
Receptacle, 137. 

, form of, 146, 

Redinate, 86. 

ovule, 201. 

IMuiOtiQli, 144. 
Reduplicative, 147. 
Reflexed, 150. 
ReguUr, 151, 154. 

flovtts, 13d. 

Relations of floral whorls, 147* 
Reproduction, 96. - 
Reproductive bodiei, 1^7. 



Reservoirs to pecsjimtmaM^ad} 

28. '. ^ -.i- 'r'l 

Respiration, 38. " i ^ .' L 

and assimilation't ' 3d0i • " ->> * 

Reticulated cells, 25. '• >t.<>-> 
ReCiuacnla^ 171.' - «r jt^i 

Revolute, 86. -'- 

Rhizocarpese, reprod. of,r l&)i.- >^' 

(Marsileace8B))iteiia(itf^ 6J^ 

Rhizoma, 89,95. - ^ 

Rind, 189. 

Rings, annual, 60. 

Root, 64. S 

, pith of, 68. 

Roots, acotyledonous, 65^ . ~i 

, adventitious, 65. 

— , dicotyledonous, 67. 

, excretion from, 106. - 

— — -, monocotyledonoas, 66- 

Root-membrane, 86. 

Rostellum, 171. ' 

Rotate, 157. 

Rotation, 98. • 

Ruminated albumen, 215. 

Saccate, 153. 

Sap, circulation of, 98. 

Sap-wood, 60. 

Sarcocarp, 188. 

Scabiosa, florets of, 145. 

Scsevola, corolla of, 157. 

Scalariform cells, 25. 

Scales, 158. 

of buds, 85. 

Scaly bulb, 89. 

Scaudent, 94. 

Scape, 134. 

Sclerogen, 10. 

Scorpioid cyme, 133. 

Secondary deposits of ceXU, 24* 

layers, 44, 45. 

Secretion, 106. 

in cells, 4^ 

Secundine, 198. 
Seeds, coats of, 214. 

, longevity of, 225. 

, position of, 216. 

Sepals, 136. 

, nervation of, 150. 

, structure of, 150. 
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Sepdddal dehiscence, 191. 

Septifiragal dehiscence, 191. 

S^jptom <Kf anthers, 161. 

Senate leaves, 73. 

Sessile anther, 160. 

Seta, 119. 

Setse, 36. 

Sheath, 70. 

— , medullary, 57. 

SheU, 189. 

Silicula, 196. 

SUiqua, 196. 

Simple flowers, 138. 

Simultaneons bundles, 30. 

Sleep of plants, 230. 

Solanaceie, buds of, 91. 

SoUd bulb, 89. 

Sori, 121. 

Sorosis, 196. 

Souche, 67. 

Spadix, 131. 

Spathe, 129, 131. 

Special-mother-cells, 170. 

Spike, 131. 

Spikelet, 132. 

Spines, 78* 

Spinous, 152. 

Spiral sestiyation, 147. 

cells, 24. 

filaments, 23. 

Sporangia, 113, 115, 120, 123. 
Spore, of Equisetum, 123. 
Spores, reproduction by, 107. 
Sporocarps, 110. 
Spurious dissepiments, 179. 
Spurred, 153, 158. 

filament, 160. 

Stamen, sterile, 160. 
Stamens, 136, 159. 

, sstiyation of, 148. 

Staminate, 143. 

flowers, 137. 

Starch, 11, 44, 224. 

granules, 17. 

Stems, acotyledonous, 52. 

, dicotyledonous, 55. 

, monocotyledonous, 53. 

, twiuing, 94. 

Stem-ovary, 184. 



Stem-pistU, 184. 
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Sterile flowers, 143. , . , 


) Jl) • ' 


stamen, 160, 167. 


■,i •;. 1- 


Stigma, 137, 176, 18^... 




, divisions of, 185* 


• ' i< .' 


— ■■ , forms of, 186. . 


• -.., - . '■ 


Stings, 36. 


• •- . -^.••I 


Stipulate, 78. 


■» 1 ■,.•! 


StipeUes, 78. 


-..:>! 


Stipes, 93. 


■1..'! 


of Fungi, 114. 


■1 111' '♦ 


Stipules, 70, 77. 


- .».!-.• I 


Stipulate, 78. 




calyx, 153. 


' ..l^.Tl ''1 


Stoma, of Mossesy 1^« 


- .1 "1 


Stomates, 34, 69. , 
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Stone, 189. 
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Strobilus, 132. 

Strophioles, 209. .. .i.lVi'W 

Structure of anther* 1.6^4 .; ... . 

of carpels, 177* ,:,. .J, ,, 

of coroUa, 154,., -. . ,,,.,,. i , 

, elementaay, 16. ., ,..,,.,,.: 

of leaves, 6^ ,c.i ,ij,oii.'i 

of pollen, 170. ,,{ ^^,,.j 

of sepaH, 150,, . ^^^ .,^„, , 

Style, 137, 176, 1$4. ,.„ _- 

, basikr, 17$.. • ^rfj ^o* 

Suberous layer, 57, 62^s .aaufcriT 
Submerged leaves, 71.j»M.gy^„T 
Substance, interceJIWar„.ig3,j|^- 

, organic, 13. .M/ji^aojfofiiT 

Subterraneous stems,. ^§819,, j^^ctT 
Suckers, 94. .^r/iiol l)ftn'' 

Suflrutex, 94.. .,,..;,i .^tBiIo^liT 
Sugar, 12. - ./r. .1 oiB^Ja^T 

Superior, 148. , ,. ^ ,£ otinBqhT 

ovary, 141. . ^^^^^-x 

Superposed ovules, ZO'-^ioflDilah .' 
Suppression, 144..... .^.u.lo-^qtnT 

SurcuU, 94. vi ,^jB3nuiT 

Suspended ovme, 201. -,, i^^^-iX 
Suspensory filameni^gOf^' ( ^^^-^ 
Suture, ventral, 180. -g ^, ,,|,,'i- 
Sutures of anthers,^ 1$J'; '^'^^,„{^ 

1 of fruit, \^. ^(ju,, i,3jfi5|n„T 

Syconus, 196. i.^. L ^3!i;^KhoT 
Symmetncal flowers, 138. 
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Synautherous, 168. 
Syncarpous fruits, 195. 
Syngenesious^ 768. 
System, coftidaf,' 61. 

, ligneous, 58. 

Tap-root, 65, 67. 
Tegmen, 198. 
Tegmenta perulae, 85. 
Tela contexta, 28. 
Tendrils, 78. 
Tercine, 200. 
Terminal bud, 84. 
Testa, 215. 

of ovule, 198. 

Tetradynamous, 169. 
Thalamiflordtt^, 141. 
Thalamus, 141. 
Thallophytes, 48. 

, reproduction of, 107. 

Thallus, 49. 

Thecae, llS; 121. 

Thecaspori, 115. ' 

Theories of cell'^development, 20. 

Thorns, 36. 

Throat, 151, 157: 

Thyrse, 132. 

Tissue, epidermal, S3. 

" , interlaciit^ 28. 

. of the Uber, 32. 

Tissues, 27i:^ ' 
Torus, 140. * . 
TWbcfciaa, 1«0. 
Tracheie, 29, 101. 
Trachench^a, 29. 
Transverse OTttle, 199. 
Trifid leaves, 73. 
Trifoliate leaves, 74. 
Trijugate leaves, 74. 
Tripartite leaves, 73. 
Trisect leaves, 73. 
Tristichous leaves, 82. 
Tropeolum, calyx of, 153. 
Truncate, 152. 
Trunk, 93. 
Tube, 151, 157. 
Tubers, 93, 
Tubular. 15^; 157: 
Tunicated bulb, 89. 
Turbinate, 152. 



Turio, 89. 

Twining stemsj 94., 

Typical structure of flowers, 138* 

Ulmine, 15. 

Ulvaces, reproduction of, 110. 

Umbel, 132. 

Umbilical cord, 197. 

Umbilicus, 197. 

Unilocular anthers, 165. 

fruit, 187. 

UrceoUte, 152. 
Utricle, 196. 

, primordial, 17, 22. 

Vagina, 70. 
Vaginula, 119. 
Valvate, 86, 147. 
Valves of fruit, 190. 
Valvular dehiscence, 190. 
Vascular bundle, 30. 

, primary, 31. 

, progressive, 31. 

, simultaneous, 30. 

Vegetable jelly, 11. 

mucilage, 12. 

Vegetation, chemistry of, 103. 

, physiology of, 96. 

Venation, 71. 

of Ferns, 79. 

Vernation, 83,86. 
Versatile, 163. 
VerticU, 82. 

Verticillate leaves, 82. 
Vesicular, 154. 
Vessels, 29. 

, laticiferous, 33, 45. 

, milk-, 33, 45. 

Vexillum, 156. 
Viscine, 14. 

Viscum, nucleus of, 199. 
Volva, 114. 
Warts, 36. 
Wax, 13. 
Whori, 82. 
Wood, 31, 59. 
Woody fibre, 32, 56. 
Woody plants, 66. 
Zoospores, 111. 
Zosteracee, pollen of, 171. 
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sascftimoH of mx vtjltsb^ xU 

Fig; 31. Transvenesectbii (tf the lyvary oi Datura Str^wumimn ; 
& exhibits the two spurioiu dissepiments which are wanting in 
tiie^pper part a. 

Fig. 32. Diagram of one of the carpels of the ovary of Nigeila 
danuucena, with one true cell and two spurious, the latter result- 
ing from the separation of the lining membrane from the sub- 
stance of the wall of the ovary. 

Fig. 33. Section of the legume of a Bean, a, epicarp $ b, me- 
socarp ; e, endocarp (Juasieu), 

Fig. 34. Follicle of Magnolia dehiscing at the donal suture 
{St. Hilttire) . 

Figs. 3S'-44. Diagrams of the dehiscence of fruits. 

Figs. 35, 36- Septicidai dehiscence. 

f%s. 37*^99- Loculicidal. 

Fig. 40. SeptifragaL 

' Ftg« 41 « Vahres with the seeds on the margins of the valves* 

Fig. 42. Valves with the seeds on the middle of the valves. 
- Fig, 43.) Valves separating from the placentae in OrchidacesB. 

Fig. 44. Valves separating from the placentae and rephm in 
Crucifene. 
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PLATE XVII. 

Fig. 1 . Young ovary of Papaver, and ripe capsule of ditto : 
a, stigmas ; b, pores of dehiscence. 

Fig. 2. Ripe capsule of Digitalis, the two valves separating by 
septicidal dehiscence and also splitting down the upper part of 
their dorsal suture. 

Fig. 3. Ripe capsule of ^n/trrAtiiKni; |)|>, pores of dehiscence. 

Fig. 4. Capsule of Cer ostium viscosum after dehiscence (Jus- 
sieu). 

Fig. 5. Fruits of Cruciferae : a, Siliqua ; h, Silicula ; dehis- 
cing by valves separating from the placentae and replum. 

Fig. 6. Capsule of Anagallis with drcumscissile dehiscence. 

Fig. 7» Fruit of Campanula rotundtfolia dehiscing by pores in- 
ferior ly (Jitwtett). 

Fig. 8. Fruit of Saxifraga tridactylites ; the carpels, free at 
their summits, opening by the ventral sutures {Le Maoui). 

Fig. 9* A Legume, opening by both sutures. 

Fig. 10. A Lomentum, the upper joint half broken off (Jussieu) . 

Fig. 11. Achenium of JRaniittctt/ttf. 

Fig. 12. A Follicle, opening by the ventral suture (Jussieu), 

Fig. 13. The two Follicles of an AscUpias dehiscing : p, pla- 
centa ; g, hairs of the seeds {Jussieu). 

Fig. 14. Samara of a Maple. 

Fig. 15. Section of a Drupe. 

Fig. 16. Vertical section of a Pome. 

Fig. 17. Transverse section of a Pepo. 

Fig. 18. A nut (Acorn) with a cupule or cuplike involucre. 

Fig. 19. A Cone. 

Fig. 20. Fruit of Mirabilis : a, lateral view ; b, vertiq^ section 
showing that it is enclosed in the hardened persistent calyx 
(Jussieu). 

Fig. 21. Naked nucleus of Viscum (Jussieu), 

Fig. 22. Young ovules of Juglans in two stages : a, very young ; 
B, older ; n, nucleus ; t, the tegumentum simplex (Jussieu), 



xHt dxscriftion of thb platss. 

Fig. 23. Ovule of Polygonum : ▲* b, c, successively older spe- 
cimen : n, nucleus ; / 1, tegumentum internum ; / e, teg. exter- 
num^; en, endostome or internal micropyle ; ex, exostome or 
external micropyU (Juasieu). 

Fig. 24. The seed of a Pea, the coats removed on one side, 
exhibiting — m, micropyle; r, radicle; /, testa or outer coat; 
en, endopleara or inner coat ; c, cotyledon ; eh, chalaza ; rp, 
raph^ ; h, hilum ; / is the funiculus, p the placentae to which it 
is attached (Le MaouO* 

Fig. 25. Orthotropous ovule of Polygonum dwaricatum : m, 
micropyle; n, nucleus; es, embryo-sac; te, tegument, ext. ; 
/ t, tegument, intern. ; c, chalaza. 

Fig. 26. Campy lotropous ovules : a, Spergula pentandra ; b. 
Datura Stramonium ; the letters bear the same signification as in 
the preceding figure. 

Fig. 27. Camptotropous ovule of Galpkimia mollis ; same re- 
ferences. 

Fig. 28. Anatropous ovule of Lilium ; same references. 

Fig. 29. Heterotropous or amphitropous ovule of Lemna tri- 
iuka ; same references. 

Fig. 29*. Ovule of Pedieularis palustria showing the long, cy- 
lindrical nucleus n ; m, micropyle. 

Fig. 30. Ovule of Scabiosa atropurpurea ; m n, the mamilla of 
the nucleus at the base of the long micropyle canal m. 

Fig. 31. Flower of Xorati/&ti«i)6|]>|ieafiii« : a, stem ; a, remains 
of the stamens and envelopes which have been removed; ea, 
embryo-sac ; m n, mamilla of the nucleus which projects out and 
resembles a style. 

(Figs. 25 to 31 are all represented in vertical section, and are 
from SefUeiden,) 

Fig. 32. Ovule of ^ar/Aectui^bout the time of fertilization : 
n, nucleus; te, teg. extern.; /r funiculus ; m, micropyle; ot, 
ovule«tube growing out from the nucleus {Dickie). 
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PLATE XVIII. 

Fig. 1. An erect ovule. 

Fig. 2. Inverse. 

Fig. 3. AscendiDg. 

Fig. 4. Suspended. 

Fig. 5. Peritropous, transverse or horizontal. 

Fig. 6. Reclinate. 

Fig. 7. Two ovules in one cell, turned in opposite directions : 
m m, micropyles (Jussieu), 

Fig. 8. Ovules having various directions in the same cell. 

Fig. 9. Ovules having similar directions in the same cell. 

Fig. 10. Pollen-tubes passing penetrating the stigma in Epi- 
hbium hirsutum. The pollen is clothed with delicate filaments ; 
the pollen-tubes issue from the pores at the angles (Schleiden), 

Fig. 11. Pollen-tubes penetrating the stigma in Gladiolua 
pnttacinua. 

Figs. 12-16. Pollen- tubes entering the ovule to form the em- 
bryo (Schleiden), 

Fig. 17. Pollen-tube drawn out from the embryo-sac of 
Orchis Mario (Schleiden). 
.Fig. 18. Embryo in embryo-sac (Schleiden), 

Fig. 19. Section of a young seed of Nymphaa : f, funiculus ; 
a, arillus ; r, raph^ ; c, chalaza ; m, micropyJe ; n, perisperm 
formed by the nucleus ; e 8, endosperm formed in the embryo- 
sac ; e, embryo (Jusneu), 

Fig. 20. Ovule of a Passyiora ; a, arillus ; f, funiculus (Plan' 
chon\ 

Fig. 22. Section of the ovule of Asarum Canadenae, showing 
the strophioles, s, growing, the raph^, r ; they consist of vesicles 
filled with oil (Planchon). 

Fig. 23. Embryo of Cuscuta Epithymum. 

Fig. 24. Embryo of Pekea butyroaa (Jusaieu). 



Jif • 36. «» Smlnyo of IVslta ofr»t»<« : > veitlcal flection of 
the same ; p, plumule ; r, radicle ; c, cotyledon {BehleiieH), 

Fig. 27. Embryo of Bajamim ewrdaia (Dioaeoreacetf) : r, ra- 
dicle ; €t ootyMoa imperfectly eoclosiBg ti&e pl«male ( JuMim) . 

Fig. 28. Embryo of the Almond : c, cotyledons ; r, radicle. 

P&g. 29. The same with one cotyledon removed : c, cotyledou ; 
Tp radkle ; p, plumule (JuMten). 

Fig. 30. Embryo ofHirtBa talzmamiiamt : ee, cotyledons ; r, 
radicle ; p, plumule {Jua$Uu). 

Hg. 31. Carapa guianenais ; vertical section of the embryo 
acroas the cotyledofis ; the dotted line a shows the line of junc- 
tion (JiMwtm). 

Fig. 32. One of tiie lobed cotyledons of the embryo of Tilia 
(JaMiea). 

Fig. 33. Petiolattd cotyledons of Cfenmimm molU (Jumeu), 

Fig. 34. Bi-anriculate cotyledon of the Elm (JuMtea). 

Fig. 35. Section of the seed of MirMlis jalapa : r, radicle : 
e, cotyledons ; p, perisperm ; t, integomenfts of the seed (Jutsieu). 

Fig. 36. Spiral embryo o( Bunias orientmlU {Jussku), 

Fig. 37- Section of the seed of Erynmum ckeiranthoidea : m, 
micropyle; h, hilum; ch, chalaza; c, cotyledons; r, radicle 
(JuMteii). 

Fig. 38. Cross section of a seed with an incumbent radicle, r ; 
c, cotyledons. 1 

Fig. 39. Cross section of a seed with an accambent radicle, r ; 
c, cotyledons. 

Fig. 40. Section of the seed of Hellebonu niger : e, embryo ; 
p, perisperm ; ch, chalaza (Jussieu), 

Figs. 41 & 44. Section of the seed of Diph/llda peUata ; e, 
embryo ; jp, perisperm {Jussieu), 

Fig. 42. Section of the seed of Berberis vulgaris ; c, embryo ; 
p, perisperm (Jusneu). 

Fig. 43. Section of the seed of Carex depauperata : c, embryo ; 
p, perisperm (Jusneu). 

Fig. 45. Seed of the Date, cross section, showing the excen- 
trieal embryo : e, embryo ; p, perisperm (/tuMeu). 

Fig. 46. Section of the seed of Sierculia balanghoa : r, radicle ; 
ch, chalaza and hilum ; f, funiculus (Jusneu), 
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Fig. 47' Saation^'^ tixe teed of Ricmu eommnnk : r^ radicle ; 
h, hilum (Jt(«te«)« ' 

Fig. 48, Seed of Poppy with retaealated testa. 

Fig. 49. Seed of Hazel : c, the chalaza ramifying on the cotfts ; 
f, funiculus ; r, raph6. 

Fig. 50. a, h^ c. Diagrams of the seeds of Zygophylhm, show- 
ing the passage from a free funiculus to the adherent condition 
where it forms a raph^. 

Fig. 51. Germinating seed of a dicotyledon; the cotyledons 
still withm the testa. 

Fig, 52. Gennination of Ccama indica (the seeds in section). 
A, before the appearance of the plumule : c, cotyledon ; r, radicle ; 
i, coats of the seed ; o, portion of the seed which opens like an 
operculum to give passage to the radicle ; s, the slit indicating 
the potion of the phimole; eo, coleorhiza (§ 132.). b, the 
plumule p escaped iVom the sheath s ; c, cotyledon ; t, coats of 
the seed; r» radicle; r, radicle fibres iJu89ieu). 

Figr 5^ Germltiation of /ivena : p, plumule ; c, cotyledon ; 
. r, radicle ; r'r^, radicle fibres. 
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